2 0 SEP 2004 *0 01/49717 PCTI USt 10/ 35674 METHODS AND COWVPCSI TI ONS RELATI NG
MODULATI ON OF HEPATOCYTE GROMH, PLASMVA CELL DI FFERENTI ATI ON OR ? §EP 2004
'L SUBSET ACTI VI TY BY MODULATI ON OF XBP-1 ACTI VI TY Governnent Fund rq
Work described herein was supported, at least in part, under grants AR43661
and Al3241vewewtstatl by the National Institutes of Health. THRCTAIH0I5674
governnent therefore 10 may have certain rights in this invention.
Background of the Invention Menbers of the CREB/ ATF famly of transcription
factors formdiners and bind to cyclic-AW response elenents found in a
| arge nunmber of cellular pronoters. The diversity of genes regul ated by
this large group of transcription factors is reflected in the 15 essenti al
functions of individual factors in fetal survival, neurol ogical
devel opnment, bone growth, and i mmune system activation (Rudol ph et al.
1998, Proc. NaMETHODS AND COMPOSPRIONS RELSTINGIOMOADULIATION UE6,

nature, 27 :202qgp ?roqﬁfm vTH, PLIAMA CELEIFFE TIONOR =
2731 e Ao GE SAF AT, 0o, of

CREB/ ATF 20 fam |y nmenber CREM (Servillo at aI. 1998, Genes Dev.
1213639-36@2erdmbn&(kﬁnﬂi#1, the ATF-3 transcri ption factor was found to be
i nduced in regenerating l1ver, with the tlcs of ear|y nse gene
(Chen et al. 19%¢prk gescribed hereinvps supppr 131‘ “’%ﬁ% &#ﬁ?g? ‘?
further CRgBA% J@#&é&’bfﬁ@?&ﬁmﬁﬁﬁn&w&mm@ fe@ 5. g@edrhinesk therefdpd ai il
This transcription fact I's expressed ubqu|toust in adults but is mai nly

25 fdfind | mayhave ceringtightslin thisdnvsoten.pr ecursors in the enbryoni ¢ nouse
(Lion at al. 1990, Science 247:1581-1584; C auss et al. 1993, Dev. Dynamics

127: 146- 153’% !2 é 'i?hesfnwgﬁﬁén have denonstrated downregul ati on of the

XBP-1 gene n of XBP-1 protein wwth c-Fos, and a

"~ decrease in MﬂChﬁtﬂmMmg@REM'ﬁFﬁmlpnfmmmﬁmémemMmes
are |ntrodu d Raji cell Rei,no at _al, 1

J: 393-401: © &g'ﬁ’e’t“l&‘ Sigestts Bt plgeBe nilfuc OF gtiutir pheiRoretd, T 4312) .

Recent |y, dhersiydT@eRdstBzudit Wﬁﬂnﬂ @Jﬁﬁhﬁaﬂ:rmoﬁlfamimﬂqud inakeased
i n hepatocel | ul ar_carci nonas i shinoto et 2

SEP 20Q4 m) %1/ 49717
PCT/ 3geseatial funchipggof ipdividugl Bgiors ipgfetal %'“5‘3%* » newlogicalidey Whle‘l‘}?ér this
upregul at i QR th 2% RCnAndre sPstb activation (Rudolph et al. 1998, Proc. Natl. Acad. Sci. USA,

95:4481-4486; Reimoid et al. 1996, Nature, 379:262-265; Maekawa et al. 1999, J. Biol.
Chem. 274:17813-17819). Recently, an important role in coordinating the timing of
hepatocyte proliferation in the regenerating liver was demonstrated for the CREB/ATF
20 family member CREM (Servillo et al. 1998, Genes Dev. 12:3639-3643). In addition, the
ATF-3 transcription factor was found to be induced in regenerating liver with the kinetics
of an early response gene (Chen et al. 1996, Mol. Cell. Biol. 16:1157-1168).
The functions of a further CREB/ATF family member, XBP-1, have not been
~ defined in detail. This transcription factor is expressed ubiquitously in adults but is mainly
25 found in exocrine glands and bone precursors in the embryonic mouse (Liou et al. 1990,

' Science 247:1581-1584; Clauss et al. 1993, Dev. Dynqmics 197:146-156). In vitro studies
have demonstrated downregulation of the XBP-1 gene by BSAP, dimerization of XBP-1
protein with c-Fos, and a decrease in MHC class II gene expression when antisense XBP-1
sequences are introduced into Raji cells (Reimold ef al. 1996, J. Exp. Med., 183:393-401;

30 Ono et al. 1991, Proc. Natl. Acad. Sci. USA 88:4309-4312). Recently, the expression of
XBP-1 was found to be dramaticaily increased in hepatocellular carcinomas (Kishimoto er




“the malignant phenotype, or was nmerely a by-product of i was not
...established. Summary of the Invention This invention pertal nto net hggss@rm
conpositions relating to nodul ati on of 5 hepatocyte growth, plasma c
differentiation and/or T cell subsets by nodulation of XBP- 1 activity. It
has now beeQPculﬁgﬂ\;ered that the transcription factor XBP-1 PCRASO/35674
critical rolle’inh regulating the gromh of hepatocytes, the differentiation
of plasma cells and the activity of T cell subsets. The invention is
based, at |,e X Helt} thisrapregulaivs edBhole ihave
sever eI y I%gglﬂrgeg ﬁ?ggghgg?}ﬂe%dgﬁ%ent I fyi nﬁe%<BP- 1 p;?

transcri ptmemahgﬁmﬂphmmt olahasfmmh@bu—pmﬂuﬁ @ﬂfomn%!ﬁe‘abkwher mor e, that
mce lacking XBP-1 are severely inpaired in plasm cell generation and
exhibit defects in Erﬁductlon of Th2 cytokines , identifying XBP-1 as a
transcript | for plasma cell differentiation and

i nvol ved in regy ‘p‘.?u&j | méthSdsaing coﬁiposiﬂdinslﬁhuhgenbgnodlﬂhﬁmid t he
first denonstration

pl asis cel mgmpr;aaﬂ&ﬂ&%@é%ﬁé@” (il subshes W pLAk W—S’e’s
ol 1'ch 11 oh arevth 1hps Hiar iER SisphYerdd e i b Rhibor aR: KEIF. Pl citicall a5
Ront o 1 haroloubitiaiR %‘E@"S“;‘PF‘V’““@‘W" “*ﬁ”‘““““s""f D honobet e, ST g
cglture bymnmqfwtmméﬂm P’Sﬁ‘%‘?‘h 'F?%‘?E%P?g°§3‘§%q‘ﬁ‘h’?ﬁﬁw

proliferati REPE devalbpndi, lﬂamfymgXBP-l as
dlfferent|5@Pen%Ehngsna c& s |n ure by stlrrulatlng XBPI clivity in
the cells &ltdﬁsdﬂ;nbn&ddr@smualefmmwr@ éﬁﬁﬁﬁlﬁm Fﬁﬂ%‘f‘%

and/ or for ul at m T M%ﬁh oiofXBP- 1
activity) Mim% % W&Q%S&Q.g%rs assocl at ed Wi th aberrant
hepat ocyt e lelmﬁQDdBRS adahﬁmcﬁptomfamnesmﬁabforﬂmcegubset

activity based on asseSS|n a_.chan e | res t he
| evel of exiffersatiasiongpd ? ﬁ*&éb ?81'“ oneéi);%ctqahghe
i nvention W QQ&E fgmp.q%tﬂ,g‘uy hepuidsytegrowth) plasmawell| at e

0

hepat ocyt e gr pllasma cell di fferentlatlon and/or T cell subset
activisy. Ithﬁ'cmnwmntmd'l‘rmﬂtsubaeﬁe i nvention provides a nethod for

Identifying a ¢ ound th gg%wdg dgﬁmhg lﬁag)u{ahmoama&rm cel |
differentiation gﬁ"? subset activit Si ng an indi cator
conp05|t|orh¢8ﬁﬁiayne r 3 celb subsets,mpethods fIohat 2 2 8
SEP 2004 WO 1149717 PC' TA I“§R‘O 356 411 differentiation and/or T cell subsets using

agents that modulate XBP-1 activity (e.g., methods to expand hepatocytes in culture by
20  stimulating XBP-1 activity in the cells such that proliferation of the hepatocytes is
stimulated, methods for differentiating plasma cells in culture by stimulating XBP-1
activity in the cells such that differentiation of the plasma cells is stimulated and/or
' methods for modulating Th cytokine production by modulating XBP-1 activity) and
methods for diagnosing disorders associated with aberrant hepatocyte growth, plasma cell
25 differentiation and/or T cell subset activity based on assessing a change in the expression of
XBP-1 (e.g., the level of expression or the form of XBP-1 expressed).

In one aspect, the invention pertains to methods for identifying compounds that
modulate hepatocyté growth, plasma cell differentiation and/or T cell subset activity. In
one embodiment, the invention provides a method for identifying a compound that

30 modulates hepatocyte growth, plasma cell differentiation and/or T cell subset activity using
| an indicatot composition comprising XBP-1 protein, wherein a test compound that

2



nodul ates the activity of XBP -1 is selected and then the effect of this

sel ected conpound . on hepatocyte growth, plasma cell differentiati @8 StP 7004
cell subset activity (e.g., Th2 .cytokin e production) is assessed. In the
nmet hod, the indicator conposition conprising XBP -1 first is contacted

with each rrgg@ﬁggg a library of test conpounds. The test 5 PCTNSOSEDI)
t hat nodul a ct|V|ty of XBP-1 protein are selected and the ability of

the selected conpound(s) to nodul ate hepatocyte growth, plasma cell

differentiati,o /or. T SltedGld thilsé¥italéontbound -
product|0n5n Eﬂﬁéi}g‘rqﬁlﬂ%°%g ﬁ#gaca or %Jc:)ﬁrrglgglﬂfﬁoor{ can be, for exanple,
a cell thay, ﬁgf&cﬁ&ego%ae lasﬁh@&l@diﬁ'emmmddoﬂ'he&ns\mmty@mﬂﬂﬁered to
express the XBP-1 "protein by mtrodumg&@ Xpressi on ve&t O{Oﬁpﬁ%ﬁg\,ng t he
10 ) MP- 1 pcﬂpbmnpmmu@nieswasefbrn B m@&ﬁt% PRPEHHA ely,

t he indica o br8f/ of tédt 86m SThe @ t hat

i WB}D%%QE‘? W“Rﬁ arge“’fm ;

I ncl udes a t nol ecule, and the ablllty of .the

test aonpo Fé@dmmm@uimmmwfm -bpratein arogeiected an W?ﬁtha
target nol ecu

eis m)nltored not her enb d| ,
conposi t i ofelpetedepmprNdLS) 4 mod WW%& °°'§<E§fé{agif‘g el a

ePOrter ORDE sliel REIAP .Y CTHDoffline FiBdctidhPlsGctermified. Thevirdiaatorexpr s i on

of the reporter gene ca

to determnethe abi |.i f a.te
conpound t compdsition eant e farcxampleya el Saexpresyss FEE m%?f&l‘b?‘ﬁ'@séﬁn

i ndi cator cell th conta 8tV QtoreBesd

) MP- 1 proteﬂ‘ﬁmﬁﬂ'ﬂgg’ mgﬁéﬁ%g %&E ?f-res onsi ve regul atog;?e _

el eneqg Ope}mle\f%tixdme@dcéllémutfmeogmpesmdiheﬁlm& ¥ thegiadicatps cont act ed
with a test conpound 20 and th evel of. .ex gene
in the mdﬁ@&l?@#ltl@%maymat%g"bf‘ék ?0'?1??51“"?%"5’% i Jgeter%‘n‘g{ned By
conparing the.{ eyl ef SRRV 1R tedt BompaEA rtbﬂio@ﬁtethemtcmhmuofdhucator
cell in the Ppresence of the test corrpound WItE%t he | evel epﬁéﬁjre Sion of
t he report]ﬁBPg@mtemMithetarathd?@le is aonitpredy HE'S"’ 'Bé‘fm"
conpound, a_conpound of | AESP1 HRowint dndiatrépoier

protein can%@%‘ggl%% anot ?T?bodl ment of the net hodgfagr

i dent igfyi nwmuwlﬂ;et)mn -1 poateina The ldveknﬁeum%on 'gfrtBWBFf %%W

g: ;Lrer;eg';: ?t"l O&E‘Bﬂ‘? f‘Bﬁ'@{.H}I L{‘%&W ﬁ%@@&g cl ent n XBP- ?%\Ebf

effect of .ﬁfhmwwﬁthMmmmvwm tivity
is d

of the cell erm ned to thereb dul at e

hepat ocyt e ¥BSw mm\fmwwéhﬁz’f e gﬁ%ﬁgﬁoﬁce subset

activity vi ma&&or&nlsmmmwmmMn
! EpeRRey B0 it

"rescue"

i nduce9 gr outdthe ddveXefexpressipn ofﬁnmvggbx@em e oot equ;ﬁgtha iiﬁ%pwound (e
differentiail o0 of ungp'&etquxﬁ& YV corpafihg the fevél 6f cRipressiof 6f the reporter gene in
the indicator cell in the presence of the test compound with the level of expression of the
reporter gene in the indicator cell in the absence of the test compound, a compound of
interest that modulates the activity of XBP-1 protein can be determined.

25 In another embodiment of the method for identifying compounds that modulate
hepatocyte growth or plasma cell differentiation, a test compound(s) is contacted with a
hepatocyte or a plasma cell precursor (B cell) ora T cell deficient in XBP-1 and the effect
of the test compound(s) on growth, differentiation and/or activity of the cell is determined,
1o thereby identify compounds that modulate hepatocyte growth, plasma cell differentiation

30 and/or T cell subset activity via means other than through XBP-1 (i.e., compounds that can
“pescue” the XBP-1-deficient phenotype). For example, a compound that induces growth
of XBP-1 deficient hepatocytes or that induces differentiation of XBP-1 deficient B cells
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WO 01/ 49717 PCT/ USOCQ135674 into plasma cells or that induces production of
a Th2 cytokine(s) by XBP-I deficient T cells can be selected. in ZhpSER2004
aspect, the invention pertains to a nethod for nodul ating hepatocyte

grow h, plasma cell differentiation and/or T cell subset activity by

contacting rgaebéﬁﬁ%ges, 5 hepatocyte precursors, plasma cel |l scrawsomssrcel |
precursors (B°C S), T cells or T cell precursors with a nodul ator of XBP

-1 activity such that the growh of the hepatocytes, differentiation of

the plasma,.cell.s _andior activi . il Sheipa idnf TONE
aspect, t hi@°%ﬁﬂ%?°@'?§’@ﬁ%d§%é’?{’%’}ﬁ§ﬂ’%a ﬁ%ﬁg@ng@ H(@asfzpandfl ﬁ%m
hepat ocyt eScefl$ cfil Bs§dbect&®! | s in vitro, through culture of the cells with a

stinulator of XBP-1 activity such that 10 growh of .t he hepatocytes. or
di fferenti ati on lafanpther aspastythedaygngion 2IpEhC %E?é‘“f"ﬁ"%gfﬁ%t hods

| f ' | ot
al l ow for :@gﬁ@?ﬁgﬁaﬂgﬁﬁ i0f Bh@Pr T Q41 SiitRet dtiliEDY EARAGHRE hepitocyteR]

exanpl e, epatic fallure due to di sease {_ea&. , viral
i nf ect §ons, hepaty@prévapsurs, plasmaceils, iplasa icell precumseons (Beelly)ol coisordl ¢ell g.

cirrhosis of the livyer). ese | ifro nethod so _alJd r.th
| &Wﬁ%‘ﬁﬂ“&’e‘% modyigior cESBEH Sty Fidhths 1hé gpwh gﬂ"%&%ﬁ%‘f‘lff“qs
i rmunodef i Cﬁiﬁ@féﬂﬁﬁﬁin&%@?%é@ﬂ% DA WEAGTT it substlyispichilatéd. da ones Wel |

for general stimulation noral .1 mmune responses_taq pathogens.

Fur t her nor egspettethis inndulatory methot poriainsito rasthedsiof exprnding hepatloryipy Rl of

Th2 t oki Ll n, t h hj C '

ot hotts of Tl St Jirose AR otk 0B IR sdbindinb BPXBER Aivies pith o

didf fenent i agiowih aﬂﬂ{leepabipeﬁ%& oﬁtiﬁaeﬁh ﬁaib:ﬂof'tlfel)plasma&e' i 12 stivhy lmtﬁyesef in vitro
mnistering to the subject a therapeutica effective a Q

Speci fic wmgsmodﬁauowffooépmwwf%%m% %@F&Eﬁ@cﬂgﬁgﬁgw&r owt h,

plasma cel | h@ﬂaht%gj%g?%%%m%ﬁéﬂw@g{w ind€ctiond, sbich &8 hepatitls) éct i s

nodul ated | n “one t, the nodul ator inhibjts XBP-1 ac ‘Iﬁiéi , Jfor
exanpl e, anhepaticdaihure due 16 tguing £¢. g ocindesis afthe lixer).aThese i Kfrodm d;%dllh&’

pepti de that inhibits. | r ' > ' fe, 25 protein,
such that hggalﬂﬁmglabg\gfiﬁ%rgc%ﬁafgpngsegéﬁé%%ggtﬂ atio el n the subject
is inf§ bi t eemuabdeficheicissicharactbrizedbyaetmeinied estibalyimmodustion ds Sedfor tory
met hods may he _usef in, for exanple, hepatocel ul ' . ltiple
nyel oma, aut‘BPH?‘P&‘?E"gL W%%%&%ﬁeﬁhk&pﬁ%?&g{‘?ﬁgo ?)'g?hogeni c
aut oant i bodiggshdd dlow oY fodfilation oPpt6ductioy biEHBEyckiags. and di sorders
associated wth excess Th2 cell activi ;[13/ I n anpt her 30 engl?ld' nt, the
modul at or st i nul dnasotkesraspegtcthisynedplatery Wéﬁm&%ﬁﬂﬁg 8#?% or
encodi-ng XBF, t drthtiatiol kBT 66l ubdétiabivityihiaat i On
I's stinulat ewﬁ%%% production is gti nul ated, in the ?ﬁhj ect
Such s20 mul asubjeyt byesdmisistaring th the sybject a therapeutically effective amount of a c
modulator of XBP-1 activity such that aberrant hepatocyte growth, plasma cell
differentiation andlorTcellsubsetaclivi_tyinasubjectismodu]md. In one embodiment,
the modulator inhibits XBP-1 activity, for example, an antisense oligonucleotide, an
intracellular antibody or a peptide that inhibits the interaction of XBP-1 with another
25 pmtein,suchthathepa:mymgrowﬂxmplamaceﬂdiﬂ'mﬁmioninthesubjmis
inhibited, or production of Th2 cytokines is inhibited. Such inhibitory methods may be
useful in, for example, hepatocellular carcinoma, multipie myeloma, autoimmune disorders
associated with the production of pathogenic autoantibodies (e.g., systemic lupus
erythematosus), and disorders associated with excess Th2 cell activity. In another
30 embodiment, the modulator stimulates XBP-1 activity, for example, an expression vector
encoding XBP-1, such that hepatocyte growth or plasma cell differentiation is stimulated,
. or Th2 cytokine production is stimulated, in the subject. Such stimulatory methods may be
4



2 0 SEP 2004 WD 01/49717 PCT/ uSOWB5614 useful in the treatnent of, for
exanpl e, hepatic injury, hepatic failure due to hepatic disease, heggf}g’Eg 004
failure due to hepatic toxins, inmunodeficiency disorders characteri y7
decreased anti body production, or disorders associated with deficient Th2

cell activity, j.gul ation of plasma cell differentiation alRITAISONISET4
pogihl)

useful in, f e, stinulation of 5 hunoral responses to pathogens and
in increasing the efficiency of vaccinations In the aforenentioned

nodul at ory netho RepRicafljiny) hepatic #ahoé deectol hepatic  f or
exanpl e, t B nge%%aﬂgerg& #éﬁ%ﬁgl tcgﬁlc.)f msﬁ%&écel | differentiati ci,n I n
the subj eciisesisephepaticfailire dbede htpasighedns, immuppdeficieney diserders Fhamcterized by
nodul at or can be contacted, ex vivq.with he : v

pr ecur sor s degeassdrantibady prodyctian,of EPT&‘&%&F?@%% qé%céﬁ?%?axr%@lg 10
precursors Wo%%f@f&ﬁ‘r@eﬁ HiFieeGitiatibohls@ RS be yisefalrin fos exantple stinfulatios of el | s
back into the subject. In another aspect, the |nvention pertai ni%hg a

met hods of duagedsesponses togrthogens and in inerpasingfbe eHicicney ‘@Bg'mtﬂlsa ant
hepat ocyte growt h, plas el |l diff lififak QQ?‘@WM s Tor
activity b anﬁﬂ“?%g'l %‘r?géogl on o P-1 1 n cells gf a_subj ect
15 suspect eglable)M¥iNer of dbubject aisite splasms edll diffedentusionrin the snbjoet araysite of
growm h, plasma cell differentiatjon %& T cglel su%&%%%ty. The
expr essi on Déelkgibset artivitye | Alteraativalys the; ton r2p avi ng the disorder
is conpared, for X &E&'I}ﬁ] W 08, pismiBEH precirsoseT lcellsadr Beedont 1 ol
subject wt é%%%phet . erg iagnos?i s for a_dlin:g der_in a,sugigect S
based1on a wbaugsas isoblagedfrons a isabjectf foliped by adryinistfien ¢ g relisbackinio the xgp. 1)

in cells 20 relative to a control subject Elevated |evels of XBP-1
expr essi on, xpression of a nore active formof XBP-1 (e.g

Ol gt o st S o i

hepat ocel | mwm%mmhw%w H@?‘B?\A@%ln_ g&gy?nor:rzuef?td{olgl'l‘e _
gzﬂ)gﬁi g(r)d?egfsg“ sucH ag @5 syst%%egﬂ{gﬁ&gﬂrgfﬁfbgmt o]sjus nfukt;}lga;hlolgem :
acti vilsy (esuspected ofchaying mméﬂ”%%@“@@&%‘@@?‘m%m | evel s
e associ ar Bifeiratigho fpdigE G Bt Bt LTER S e e |

be associ at ar ac

by decreased hepato .
growt h, pl agispeaed bf Kivirdgahedisomler iscompangd, for exmmple) &9 the jexpression %%E‘rl%‘ or
A AR
of the inVveRhicdbnH Padheia cRpressistost XBBA-(2.gd dhid leval ot farmiof XBR-U)ia celis |
hepat 02(:0yt o ’relgtzii\rr]eto a control subject Elevated levels of XBP-1 expression, or expression of a more
active form of XBP-1 (e.g., a constitutively active mutant form of XBP-1) may be
associated with a disorder characterized by increased hepatocyte growth (e.g.,
hepatocellular carcinoma), plasma cell differentiation (e.g., multiple myeloma or
autoimmune diseases characterized by production of pathogenic autoantibodies, such as
25 systemic lupus; erythematosus) or Th2 cell activity (e.g., allergy, cancer, infectious
diseases) while reduced levels of XBP-1 expression or expression of an inactive mutant
form of XBP-1 may be associated with a disorder characterized by decreased hepatocyte
growth, plasma cell differentiation (e.g., immunodeficiency disorders), or Th2 cell activity
(e.g., certain autoimmune diseases).
30 XBP-1 deficient cells and non-human animals (e.g., mice) for use in the screening
methods of the invention are also provided. XBP-1 deficient cells, such as hepatocytes, can
be obtained from early embryos of XBP-1 deficient animals (prior to lethality in utero).
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be obtained fromearly enbryos of XBP-1 deficient animals (prior to

lethality in utero). 5 2 0 SEP 2004 WO 01/49717 PCT/ USOLWB5674 78 SEP 2004
Furthernore, blastocyst conplenentation can be used to create aninals
deficient both in XBP-1 and a second gene (e.g., RAG 2), to obtain viable

animals in which XBP-1 deficient «cells contri bute to cert ai pcaAiso03s674
conmpart ment WOIYHI%s t he | ynphoid systemto thereby obtain XBP-|
deficient Bcells and T cells. Still finther, the invention provides

ani mal s haV| nDzygous | sr | on in g_gQ S defldient bORE - but
that carryF %Bwr&rﬁm?ﬁé ée]ﬁe\t}g?g-spem Ic pronoter (such
as the al byl RLE4ReCY- gelfé( mcm;fmmmmmsmmmmmﬁcme

i nvention are aI SO enconpasse the i nvent ion, Brie F‘{ﬁ[’)&’?}g“c}gﬁgﬁ the
Drawin 1 Fmglkeonmbmwmmlhc@nmpﬁﬁa%‘ﬁ asibe bamphe,

the XBP-1 | X veitibnpriAtes ffthals Beviags

repl aced bﬁﬁc—! 4‘%@8“’?‘2@ cgli%%sr%éiﬁegﬁn % Ee o'})lpom tne orientation from

XBP- 1. 5 Fi gWophoZypusdistaptichin e enubgmouamrgl géne bot thatxuryrancFBRy) tensgeny
popul ations fromeither caontrol 129 e m ce é §9w+ dotted bars) or
XBP- 1- def.odrmmbmcbvzrmﬁquﬁﬁr@w w %dd bars), wherein the

T cells were cul Mﬂmﬂd&mﬁl&w‘w or a
Th2 phenot ype t favorl ng either ("Unskewed"). Results shown
are fromtvmeﬁwfeﬁﬁdsmnt sets of ani mals Figure 3 is a bar graph
illustrating interferon-gama M\- 'Y) production by T cell 20 populations
fromeither_co roI t V[ ok I ce (129w+; dotted bars) or XBP-I

dcfici ent/ RRGZ=rei~e e—”BP-rag; shaded bars), wherein the T cells

wer e qultured pnmnm&@mnﬁmmmmmmwdmmt% @enerin )

gLosm aPtza Fg&r%o: f ie??f““éél“g‘aaf avo%%é% r’m‘g I'S a"%mr rapI '

illustrating gle é&, 19% gdhiatidP o WBP-¢l | popul ations from either control
129 wild type m Sz Ow+; dotted bars) or XBP-1-deficiendRAG 2- defi cient

(r:noﬁgl 'Elxgﬁ-sra?évzhg'gﬁd%?&aﬂ[@ WherEI 3 tkﬁ&ﬁ&%%yfcgrﬁﬁwgﬂ@no&bape

(' Th2") or iywdr&gg&g%mm . | dORLENES) or XETE $deficient/RAG-Bdeficiend miteno

different se o anl ma
15 (XBP-rag, shaded bars), wherein the T cells were cultured under conditions favoring either

a Thl phenotype (“Thl") or a Th2 phenotype (“Th2”) or not favoring either (“Unskewed”). .
Results shown are from two different sets of animals.

Figure 3 is a bar graph illustrating interferon-gamma (IFN-) production by T cell
20 populations from cither control 129 wild type mice (129w+; dotted bars) or XBP-1-
deficient/RAG-2-deficient mice (XBP-rag; shaded bars), wherein the T cells were cultured
. ander conditions favoring cither a Th1 phenotype (“Th1”) or a Th2 phenotype (“Th2") or
not favoring either (“Unskewed™). Results shown arc from two different sets of animals.

25 Figure 4 is a bar graph illustrating IL-10 production by T cell populations from
either control 129 wild type mice (129w+; dotted bars) or XBP-1-deficient/RAG-2-
deficient mice (XBP-rag; shaded bars), wherein the T cells were cultured under conditions
favoring either a Th1 phenotype (“Th1”) or a Th2 phenotype (“Th2”) or not favoring either
(“Unskewed™). Results shown are from two different sets of animals.

30



2 8 S EP 2004 WO 01/49717 PCTNSOOr 35674 Figure 5 is a bar graph
il
I

ustrating IL-5 production by T cell popul ations from either contrezﬁqsé.ﬁ?ﬂm
wild type mce (129w+; dotted bars) or XBP-1-d eficient/RAG 2-defi ci
m ce (XBP-rag; shaded bars), wherein the T cells were cul tured under

condi tions fauatidg,either a Thl phenotype ("m ") or a M pherciysee3s6dh2")
or not favoring elt?'uer ("Unskewed"). 5 Figure 6 is a bar graph

illustrating IL-6 production by T cell populations fromtither control 129
wild type mce (20w §,qp uStracp I\ producihivy oY Ropndoslctiont it

m ce (XBP-rag; éﬁ‘g'\évédsgg’gs , I\EI)VELI’EI n %(I;f ce sb\%/erq cultured under_

condi ti ons doauel 1290widd typemice(TR9iw+pHettedibars) of XBR-1-jlefigien/RA(3-2deBrisoymice
("Th2") or not favoring either ("Unske d%_[ 0 Results .e | t wo
di fferent SGBP-mR; shad P?L@%%%WW %M“’@ﬁfe‘:q“ﬂ@ on él'ish&m

i nvention p Ea,o%q,cr(em r &R R&i&ﬁ?b FIHDS) 619k Fivdting eitiep (tUnkevesd™
hepat ocyt e gﬁéﬁ’ , plasma ?jeill di fPeren itg':i on and/ or ‘?"n%ell subset

activi gy by nodulation 15 of XBP-1 activity. The invention is based, at

| east in part, t he di scovery .t hat.mgce faf. G ein
exhi bit striKki nSf‘w%3}&55{@%%?*5?9&%9@“8@@%@8%@@% EFSW%%'? r“e%"
hepat ocyt e cgifee i PPHRA kypethive (109a-; dottélicbard) @p IEBR-1-deficient/R A G -deficizht iiseh

di m ni shed growt h rate and prom_nent_apoptosis . eci fig.target .genes of
XBP-1 in th PMWMMWQT%EM@‘S‘B@&% ‘W“?%‘M‘@‘ ers,
i ncl udi ng a; | s(;% 3 éio?;@i&?“’?ﬁ!"? voriny SithdrTeUnkkéwed™).
descri bed h%h?ﬁhﬁggﬁi y ﬁggﬁqggpg transcrip islgﬁ&)f?actgr esgential for
hepat d@yt e Resubsishoven arcdfrotBBwa differént seimof animalsdi e in utero from

hypopl astic |ivers, RAG 2-deficient blastocyst conplenentation was used to

examne the role of XBP-1 in the |ynphoid system It further was
di scovered that chinmeric mce made wusing this conplenentation system

secrete ver Detsiled|Pescription of theloegitiinil i n of any isotype 25 secondary to
failure to generagie .the plasma cel |l conparntnent .Accordi. {m-' ention
i s al so based, at séﬁ%@@ﬂpﬁﬁ?ﬁwdﬁ“ﬁ?%pw&m%@%s%%%h I's gh'ai‘

transcripti ?ﬁﬁ@émh‘ﬂﬂtpl:ﬁﬁﬁ cell AFERALOE ARGH T oé1Esibse abivitydry modulationr
a

generation o E sma cell's. Still further, it.,was di,scovered. that T cells

from XEP- 1 @ERER-baetivitye dheiiaysptign i baaade eleashin pact, P L5, VY Al muSe, ¢ o

Aocor di ngl y e, e XIXUTbriiga anibi eldhngly blpdpiett e e

di scovery t limpaixihcpatosyts WMpmmW?lﬁma@sﬁ&lﬁﬂ@ﬁ”éEP 2004

WO 01/ 49717 4o iched growth rate and prominent apoptosis. Specific target genes of XBP-1 in the
liver were identified as acute phase protein family members, including a- 1 antitrypsin and

20 a-fetoprotein (AFP). Thus, the data described herein identify XBP-1 as a transcription
factor essential for hepatocyte growth. Since XBP-1 deficient mice die in ufero from
hypoplastic livers, RAG-2-deficient blastocyst complementation was used to examine the
role of XBP-1 in the lymphoid system. It further was discovered that chimeric mice made
using this complementation system secrete very little serum immunoglobulin of any isotype

25 secondary to failure to generate the plasma cell compartment Accordingly, the invention
is also based, at least in part, on the discovery that XBP-1 is a transcription factor that has
now been demonstrated to be required for generation of plasma cells. Still further, it was
disclovered that T cells from XBP-1 deficient mice display a defect in their ability to secrete
cytokines of the Th2 type (e.g., IL-4, IL-10, IL-5, IL-6). Accordingly, the invention is also

30 based, at least in part, on the discovery that XBP-1 is a transcription factor that has now




PCT/ USOVB5674 been derpnstrated to be involved in regulating Th2 cytokine
production and thus in regulating the activity of T cell subsets (i qa P, 7004
Thl vs. Th2 activity). In one aspect, the invention pertains to a ﬁgd

of identifying a conpound that nodul ates hepatocyte growth, plasm cell
differentiation and/or T cell subset activity. In 5 one enbogcrrsensserd hese
screeni ng aXXO497L, i di cator conposition that includes XBP-1 is used to
identify and sel ect conpounds that nodulate XBP-1 activity and then the

effect of _the, sel ect egi onpounds. on Y, Fadthus 6 |
di fferenti E’&ﬁrﬁ?ﬂﬁ B SHuE |oﬁ&| %l% ated. In anot her

enbodi ment dting B &GVRE Of Taelhsstays (L ATl wcTh2activity).cel Is or T cells
deficient | BP-1 are cont act ed W|th a test ‘Hﬂ}oa ..and the eff of the
10 conpound on Heput aspyatethy °éé‘?qth ! peEmPEREHILel |

subset acti vi %n#{an VrehtHOR WRdGr Teall subsdtdot
hepat ocyt emﬁ%ﬁgﬁéﬁwﬁl erentration or T cell subsetﬂgyct | VI ty

thr ough " r @aE ebodiinehh6f (e séreeing assays, ap inslicatqrsomppsition Behinclugdep XBP- l§ he

1o 'eﬁt”. et gty ) B poapynd hal oG OGP vl SRPh AR B o,

or in éw &?ﬁmefru: Fladpha/él)differentiationeorTha icywoking
hepat ocyt es. 'ﬁﬂpai ocyte precur ors asma rs (B

ceIIs pl asma cel |, precur
cel 1's) or Tproductien {scevaluateds in snogher Wm&éwa
stinmul atory iHeffembfild or
invitro, %{E%%@ﬂ&@ﬁocﬁf&%ﬁepﬁgocy e growt h pl asma ?glll
di f f ej@nt i adopfdund®bn hep Imdllceli dlﬁ'créfitletlwegaf ed&mﬂtah%’{“)@ﬁ ow out

in culture or plasrra ceIIst at havefor <8fii on of B
celI's in cudeterminegyto jgeatify pom W‘H?‘F ‘S'Qp?g% cu tur can then
be readm nlghg,\rﬂg ﬁqth@emmbdfmeﬂmmaueﬁcmnphmotype.
hepat ocyte gro ﬂnﬁ(ﬂ‘ asma ceI differentration or, T cell subset ivity in

a subject is mmmammaaﬁmmﬂ@tmmwd msthad for mopulating gro E'Hb?élcally
effective amount of ! {axmmaftfg tﬁ&tl%bi@i?cth éithiét Snyvitrb ehint hat
aberrant h%ﬁ@ﬁw nggma ce ‘gS di fferentlat@?on or .T cell subset
act i viysy i Nvivo,Sisltigatédul@orsod XBR- b dctiviy. aommtwmwm
stimulate XBP-1 act V|t e .enco by [Ridsorph t he
i nventi on. m%ﬂﬁ%&%ﬁv t1on pertmgilsgsﬁto a met hod of
di agnosi ng &J?j uﬁ@ae@wﬁh&@ﬁdmmmmﬂmmmmtﬂmgm{lbme -
growt h, plas cell differentiation of T cell 30 s
det ecti ng aMM"&m’&Wﬁmx&g °H4?°Y'ﬁ w@té@e@é}%r gepat ocyt e
precursors) o Lg@mg%&&wrmwm@wuwwmmﬁmwm T
cel l precursorrh? . . e
20 havefomcdma;ffemmonofaceusmmumormtypeodlsthatdlﬁ'mm
culture, can then be readministered to the subject. In another embodiment, aberrant
hmcmmwﬂ;,phsmacendiﬂ‘ermﬁaﬁonorTcen subset activity in a subject is
modulated by administering to the subject a therapeutically effective amount of an
inhibitory modulator of XBP-1 activity such that aberrant hepatocyte growth, plasma cell
25  differentiation or T cell subset activity in a subject is modulated. Use of modulators that
inhibit or stimulate XBP-1 activity are encompassed by the modulatory methods of the

invention. )
n yet another aspect, the invention pertains to a method of diagnosing a subject for
a disorder associated with aberrant hepatocyte growth, plasma cell differentiation or T cell
30 subset activity by detecting a change in expression of XBP-1 in hepatocytes (or hepatocyte
precursors) or plasma cells (or plasma cell precursors) or T cells (or T cell precursors) ofa



2 8 SEP 2004 WD 01149717 PL'r1USQOr 35674 subj ect suspected of having a

di sorder associated with aberrant hepatocyte growh or plasna cell EP 2004
differentiation or T helper cell differentiation. So that the inventzi%ﬁ n%@
be nore readily understood, certain terns are first defined, 5 As used
herein, the term"XBP -1 is intended to refer to a human prog&@mms a
DNA bi ndi ngMOr®#487Y%1 and has an am no aci d sequence as described in, for
exanple, Liou, HC et at. (1990) Science 247:1581-1584 and Yoshinmura, T.

et at. (1990) E MBO J, 9:2537.2542 and oth | %P&Inﬁ t her eof,

such as deswhi¢chsuspegied oihayng adise dﬁmﬂémﬁfw Bl g’ghys. Res.

Common. 223; - . : oirdiffelesatib. | Nt ended to be enconpassed
et T

by the ter ude those having am no acid sequencesA‘gjs‘scl osed in
GenBank with acGesismit dr invenkion sax3gapore seatiiiygdersioqd ggriain and
BAAB2600. )MP- 1 is also referred to in the art as and T REBS or HIF. As
used herei ﬁ?ﬁ-@%"e various forns of the term"nodul ate" dare intended to

include stinmul aldReq héeidl; the el ‘SEBPIYSs Qiitende emfer 1 2 hyman protein that ise
response or activity) and inhibition 15 (e.g., decr.gasin [ .

downr egul afDNuy binding protein and has ap gmieo agid § &W%%@rwlﬁ’,hf’ﬁe term
"contacting: {i,e. act | ) 2h kg Farfd YosBinh@h | T. el EmBonbund) is

i nt ended tg{'ﬂ(ﬂﬁﬁ%dggﬁﬁrc% egﬁzgz'?#eaeg%snpoun%o and tk'lreecel ?9{;(‘?

get.her in.vitro
(e.g., addigas3t7ns42oaidwtist nismmalidmhdmologs thereef) sugh@s dmh%mé@;h@m% et
conpound td& a subject such th t CO ; hertathé ect are
cont act ed i, (4 B’Pﬁb‘"&eﬁ'?ﬂ%ai‘t’o Pﬂwm?ﬂgﬁt( |h+@%@gudé)'to |;1ch ude
exposyi e of:. t cﬁcgﬁﬁ%sm%gwummmmmwmm‘ in a
subj e (Le.’, exposPSre tHat nay occur as _.a resul tA.?@?"@ gat 7861
physi ol ogi cebuencesdisgdsed in GenBenk with pecessippnymabers ’ % th 861y
I ntended to.p&t o 3 f82dd Bt @t ek ¥nd FREBS be T i ed
as, or reco §EA#WW%§'§#SS§@%BP_1 activity 25 a#g/ or Pf
hepat ocyt e gr owt jis ased/hefein | the verions Forms of the ter | medultic 53rg iended to.nekude |y o
activity. The term'liQrary.of test 3%&'{,]5; ] BAsivitp) &fifKibition a
panel conpr Fupyigtion (e g ?f%ﬁ#’g@g% orrpoungsi. As "used ‘g)erei n, the
term "jgel | 5% def ddch@Bibg bP doRitegdilatisg & pirdoalerresponsawriagtidtel | s of a subj ect
that are natutally deficient Tn XBP-1, .as wells ce f as human
XBP-1 30 defi ci /s used heggin, the fprm “goniaetng %a?“ﬁ%@‘?‘oée%‘ﬁ"%?%r@%%h t hat
they are deuw i km to inchidiSinbtating R dofapid and eint cellrtopeiiRriin vigroal so
intended toIn ugce S 1solated froma nop-. .., . und biect
(e.g., 8dding the compound to cells in culture) and administering the compound to & suby
such that the compound and cells of the subject are contacted in vivo. The term
20 “contacting” is not intended to include exposure of cells to a XBP-1 modulator that -may
oc:mn'nm:urallyinasubject(l'-f!-.'=XPOSW°'31‘11m“!’"°"“”"5*”"s“h°f’”“mm"1
physiological process).
As used herein, the term “test compound” is intended to refer to a compound that
has not previously been identified as, or recognized to be, a modulator of XBP-1 activity
25 and/or of hepatocyte growth and/or plaéma cell differentiation and/or T cell subset activity.
The term “library of test compounds” is intended to refer to a panel comprising a

multiplicity of test compounds.
As used herein, the term “cells deficient in XBP-1” is intended to include cells of a

subjed that are naturally deficient in XBP-1, as wells as cells of a non-human XBP-1
30 deficient animal, e.g., a mouse, that have been altered such that they are deficient in XBP-
1. The term “cells deficient in XBP-1 is also intended to include cells isolated from a non-
human XBP-1 deficient animal or a subject that are cultured in vitro.
9



human XBP-1 deficient animal or a subject that are cultured in vitro. 9 2 0
SEP 2004 WO 01149717 PGI/ USOOf 35674 As used herein, the term "non-human
XBP-1 deficient animal" refers to a non- hunan animal, preferably a rg@SER 2004
nore preferably a nouse, in which an endogenous gene has been altered by
honol ogous reconmbi nati on between the endogenous gene and an perUsnGs674DNA
mol ecul e i ntWB8H&A"into a cell of the aninal, e. g., an enbryonic cell of 5
the animal, prior to devel opnent of the aninmal, such that the endogenous

)MP-1 gene is alter t.h leadi i AR aRintrtfeld honXBP- 1 or
production of a M%%%%%x@y?&%%é% ?jgﬁi%liagnt XBP- 1érg£bt ivity.
Preferabl y, yidigh &na) peferably 43Rarmik; mion¢ preférably bimaise,dn whichirs egdogenees a
inhibition of XBP-1 activity in the aninmgl. is also _enco rm
"non hunan mhﬂﬁbem‘ﬂlmm%mi@%WHﬁmﬁmeoﬁﬁéﬁ%ag?zgﬁ? %rfgri c
10 aninmals (e MGR) SffddiSd T tiRCaniial; 291 bt embiyohicell 8f st em
such as the&mr%]lqgks[?@%%%l congiédg%?a({éihon system ?]r% whi gﬁﬁa articular

organ @ or gamital, prior tb kevelopmenh of theanigaalssuch that therendogennys X BRt1gea¢ bm (ES)
cells with honbzygous ationsg of th VP- | I d,

term "i ndi c%ﬁé&%&%ﬁ‘oﬁhpgp{%@o oA oS | trileocgﬁ thug? Al n?iaﬁll g@?(%P— 1
protein, foraxaiRliRg dehGEktXBIN activity Tatieyably ticcasioity SEXBP-lnis entisely, a cel |
that has been engineered to express the )I\/P-,l_tgr_o&’ei n. b 'iqrit roduci ng_an
expr essi on blurked, altbonghdanial intbisiewof] XBPok agtiyity ia et‘ﬁ’é“%é‘l ”W’Q"%‘gﬂc‘ free
conposition.that contain . ’“Efﬂﬁb Mitédided fo’ dnoempaRE chinferi

r econbi nant |1§)‘93'HE @%Mg)]tde giegtse elriseimr;# the term” eg%ieneereg" (as
in an pngi ne@kas (4. hicepprodacddusingtatilbstocysicongdememationsysteRoeB B B vect or
encodi ng 't he XBP- rotein has been introd j

"cell free dAFOSP fom F@W@Wﬁ%‘q‘c’é}%om E ] 8%?56%/\%0% d! 'gfa'gﬁ{\nqt
contain int %gﬁﬁhl mlmgﬁweﬁbﬁﬁ&)cmmmgnUmmﬁwque

extracts and conposiiions containing isolated proteins. As used herein, the
term"a tar géBPricgemeul e" for XBP-1 refers a nolecule with 25 which XBP-1

xanpl e the’ pr ol B el e R D 2 acd. ant.LLTypsi 0
a-f rer}t:)op’s ot ei mEludH_)ﬁBDFlawpteancIOftﬂxegD!B %MSMM‘&%ME@ 1.
o, 4 S B i A B0 b s i e
encoding the XBP-1 protein into the cell, or a cell free composition that contains XBP-1
(e.g., naturally-occurring XBP-1 or recombinantly-engineered XBP-1).
As used herein, the term “engineered” (as in an engineered ceil) refers to a cell into
20 which an expression vector encoding the XBP-1 protein has been introduced.
As used herein, the term “cell free composition” refers 10 an isolated composition,
which does not contain intact cells. Examples of cell free compositions include cell
. extracts and compositions containing isolated proteins.
As used herein, the term “a target molecule” for XBP-1 refers a molecule with
25 which XBP-1 can interact, including other proteins and DNA sequences, including for
example, the promoter/enhancer regions of genes such as a-1 antitrypsin, o-fetoprotein,
HLA DRa, and the 21 base pair repeat enhancer of HTL V-1 LTR, and other b-ZIP proteins
such as c-Fos.
As used herein, the term “reporter gene responsive to XBP-17 refers to any gene
30 that expresses a detectable gene product, which may be RNA or protein. Preferred reporter
genes are those that are readily detectable. The reporter gene may also be included ina
construct in the form of a fusion gene with a gene that includes desired transcriptional

10



30 that expresses a detectable gene product, which may be RNA or protein.
Preferred reporter genes are those that are readily detectable. The EP 2004
reporter gene may al so be included in a construct in the formof a ;qu§
gene with a gene that includes desired transcriptional 10 2 8 SE P 2004 WO
01/ 49717 P oidhpr674 regul atory sequences or exhibits ot grragseesseab! e
properti es. anples of reporter genes include, but are not limted to CAT
(chl or anpheni col acetyl t ransferase) (Al ton and Vapnek (1979), Nature

ggfaggﬁagm fly P&g&ﬁer%l% et aI (1987) Nb? OeII

Biol. 7: 7251cmabm5rdmmmed|mm¢chbmhen(c&msmmm(&wnmﬁrmn

5665- 3667) ek 9100 e, 2 BB Ao St andolbar iy Sels oy B, sk .

231-239,  Hgd betspaldtto 8ﬁ)ehﬁ%ﬁk&9 Wéenal (1987 Moh CeRI BBl G203
secreted al kiz);it?ne phg‘sﬂps%at as (Cull géle and al\/f(il | m;’) 1%92 I\/ét hods | nhl'inzym)l

216: 362- 3bmhmcgfm(ﬁng;bmbtc@ﬂt8ﬂym|(h9m BNA At@ﬁﬂ-%S&@rldmnem&o
96123898 f

Lo a DA sObah BRI dpst 367 diblipk hosbbabbe ARRY 4P (SROIERLL L1510,
?f the XBFBka e_t;r!E_JSJSZBB-QB!?;&IIﬂyetmﬂ (lmismaﬂp‘bﬁGth;d:mt placetaipl e, t'\'“ a
ranscri Ion O e reporter us e e ran

(as in aEeWWMWMM@%?@QMm @Wﬁ”ﬁwsﬁ‘ef ers

to growt h gggylish dogédc&ﬁ ?ahﬁﬁsiglomﬁwm%mm h or
dlfferentlatlon |nasu1ect The "aberrant grow h or dlff?r){entlatlon can
ei t hel0 be excesﬂsmedlynmﬂlemmd‘)mbﬂe verelegnent cesfrre tp 2PN sequsmce

differenti on e a

subj ect Y of FRBERLY 1 RpRla 39 s A, B B 5d i“’ﬁ&%ﬁﬁé". (ielity b
oyl at e t?mm"’”“"?m”mf e ‘*eiﬂm“m?"”"‘“"“’“’“’ o MBP- 1 IRNA or
nodul at es transcri n of _an en r tion o

activity of an )Qﬁwgiég ?’eﬁ?‘ﬂm’rﬂyﬁﬂ‘?%t@g &9@9‘ Srelsmp el e s
conpounds  {diférentfiohPieidny td BEWPSIdit G Entiation ihal deviates ﬁbm%mlgu wthigedul at or s

of a signal t ransduction pathway that may include XBP-1. Exanples of

nodul b or s differentintion in & gubiesty The abermapt growth o W"&(YE“&’(\‘!‘F?@MYJ’CI eic

ant i boai o i AR By iocd 00 7 i Bicon WAl reyee 5 Bt *

inhibit). X@\&thmrldlﬁcrem;aﬁhﬁh aSlpiUgm des that i nh| bit the interaction of
0L L 2 A oTRERRN G % & e R R A e Pl AR, 1
wel | as cheigeniator ekmfiple widtnpolind orasimpbandspwhich nxaiulaesrraisdription ofimn XBP+lvi t y
Of X851 gene, translation of XBP-1 mRNA or activity of an XBP-1 protein. A “modulator of XBP-
1 activity” also includes compounds that indirectly modulate XBP-1 activity, for example,
modulators of a signal transduction pathway that may include XBP-1. Examples of
modulators that directly modulate XBP-1 activity include antisense nucleic acid molecules
that bind to XBP-1 mRNA or genomic DNA, intracellular antibodies that bind to XBP-1
25 intracellularly and modulate (i.e., inhibit) XBP-1 activity, XBP-1 peptides that inhibit the
interaction of XBP-1 with a target molecule (e.g., ¢-Fos) and expression vectors encoding
XBP-1 that allow for increased expression of XBP-1 activity in a cell, as well as chemical
compounds that act to specifically modulate the activity of XBP-1.
| As used herein, an “antisense oligonucleotide™ refers to a nucleic acid that

30 comprises a nucleotide sequence which is complementary to a “sense”™ nucleic acid
encoding a protein, e.g., complementary to the coding strand of a double-stranded cDNA

11



As used herein, an "antisense oligonucleotide" refers to a nucleic, acid

that 30 conprises a nucl eotide sequence which is conplenentary to a8 SEP 2004
"sense" nucleic acid encoding a protein, e.g., conplenentary to the coding
strand of a doubl e-stranded cDNA 11 28SEP2004 WO 01/49717 PCTI USOOWB5674

nol ecul e, Ienentary to an nRNA sequence or conpl enent ary pegaisoa3ssadli ng
strand of qg Accordlngly an anti sense nucleic acid can hydrogen bond
to a sense nucleic acid. As used herein, the term"intracellul ar anti body"

S |ntendedto | ncl ude i | o ke QdirigAdutabid @€t i Ve

portions ofalesuis, g‘ﬁﬁﬂ% '!E)lgﬁﬁess"qﬁr&{cg%%&ﬁ? S? that contain an

antigen bi g : b b SitRehskinbdleicacid cuﬁshyd(ogtmbmﬂme nugleigacidan
égr't as Fab an

anti gen, F( ab) 2 fragnent The,, ter nt.r | 1 ul ar
ant i body" |s al o used hﬂd@dﬂwdeme aﬁ‘#ﬂnﬁown i‘f‘fons in an

i ntracel | ul.ar | PETBLAY ﬂmﬁhﬁu bhlénh nNodul at e
the expresst"ﬁﬁmﬁ’gl g{,} MW‘BQ&I’}VO&%& fised her ei n, tglt?e term

- di agnesi ngnolEalley 5etﬁglddﬁif[&§ tayéanin dadamgd aiehinding a‘fs‘waW!ﬁ“‘_‘!tf higds t
susceptibility of a subject to the disorder e ion to
devel op a dimwrnerescts W) HsRiIgaR SuFh;as Weaqdéﬁh% a{s‘sﬁht')hse activity"
refers to th Sﬁﬁ%{#ﬁﬁ[ gy J%Wmm&mMImﬁMMIﬂmﬁsm&ﬂnl subset
activity ca e nodul ated by upregulating Th2 cell

act I Vit
downr egul atwﬂﬁﬁm@ﬁﬁwﬂhagt}hewwﬂ“ﬁb’"# 'ﬁet’mrm?
dovvnregul atin 1? I}él%gell activity. As used herein, the term " Th2
cytol ane” the ki ne s produced predom nant I y by Tlz2 cells

(rathgqp t han Tbl A5 Geild Keeid e mﬂﬁl“uﬁgndslmg‘ rafeestnodemfymg edlsplﬁFleﬂPwatIQI- 10

IL-5 and IL-6. Various aspects of resent vend. St’éﬁdr&?f
further det theisusceptibility of@ subierdq; ﬁs lf%% ent i cop

pounds That  NDdulgl,gedhe(dif) %Qwrﬁnd*&nsatﬁsmvﬁgthfaswmwnmofmnamﬁm T
Cel | Subset Actlv |

says Using XBP -1 -Cont ai lca
Oonp03|t|onmhelpe|e’reeﬂmdnﬂlmubsetn@wmﬂém¢ qﬁég"?%'f 21'?1# i

i dentifying _co nds t gﬁ TR1 SEIPHétHVitP br dbvasregulating!
di fferenti affHh 0 E&&%@e@% i‘f"@ sin é( I ndi cat or‘?corrpom tions
that iyscl udqnXBEH activiey. descri bed in the Exanpl es XBP-1 has been

d trated to b | f |
emons(rated 10 be 3 [eou) abor, 0fuHSP3 QUG f hibiintd fbRke®

differentiation
predominantly by Th2 cells (rather than Thl celis) and include (but are not limited to) IL-4,

1L-10, IL-5 and IL-6.
Various aspects of the present invention are described in further detail in the

20 following subsections.

1. S ing Assays To Identify Compounds That Modulate H. . Growth
and/or Plasma Cell Differentiation and/or T Cell Subset Activity

| A. Mh&mm Compositions
In one embodiment, the invention provides methods for identifying compounds that
25 modulate hepatocyte growth or plasma cell diﬂ‘erentiatioa or T cell subset activity using
indicator compositions that include XBP-1. As described in the Examples, XBP-1 has been
demonstrated to be a regulator of hepatocyte growth, plasma cell differentiation and T cell
subset activity. Accordingly, compounds that specifically modulate the acttvity of XBP-1
can be identified, as described herein, and the effect of a selected test compound on
30 hepatocyte growth or plasma cell differentiation or T cell subset activity can be evaluated.

12



subset activity. Accordingly, conpounds that specifically nodul ate tEPBeSft
activity of XBP-1 can be identified, as described herein, and the eff P 2004
of a selected test conpound on 30 hepatocyte growth or plasm cell
differentiation or T cell subset activity can be evaluated. 12 2 8 SEP 2004

WO 01149717 @WH&W 35674 Thus, another aspect of the invenpcpOsREsSERAl NS
to screening assays for |dent|fy| ng conpounds that nodul ate hepatocyte
growth or plasnma cell differentiation or T cell subset activity

conpri si ng, provrgis 5% i Qﬁ%}lﬁié{aﬂﬂt&% Ryl 436k @Erxaeﬁﬁ%p
contacting the indi %tor C osition wth each nmenber of a |ibr test
conpounds; eshmamdsidal modnlatb bepatdnyse growith orplasmacealifferentiationroy di

i nt er est that m)dul ates the activity of XBP-1 protein; and determ ni ng t he
effect of tMUVEZGPBINYSf interest on hepatocyte growth or plasma 10 cel |

differentiation ?,rov;ﬁ m&ugg,eéo@lggsiﬁentdédpﬁsﬁ XBPLD $réidinpki ne producti on)
to thereby identify & conpound that nodul ates bepat oc‘\-/me growth or plasma

cel | di5ff er ent i atontasting thE indicdtor eampnsitioncvith/each membs branoef €8 posi ti on
can be a cell that, expresses XBP-1 protein, for exanple, a cell that
natural Iy eX¥PRY XBP -1 or, more preferably, a cell that has been

engi neered to lgeletiagBom ﬂxbﬁbﬁéBPofteﬂrmhqnonndm donipoand of interést that nodulates | an
expressi on vect or. encodi ng the XBP-1 protein. Alternatively, the indicator
conposi t i ontheastivty of XBP11 pretein; adhposi ti on that includes XBP-1 (e-g., a

cell extract fromgelt%ﬁpépﬁgbgﬂ rg\mu,r amhudes

purified XBP-1 proteln nat ur al XBP- or reconbi nant ~ XBP- | In one
enbodileent , celhdiffermitiotidnor T bsqtuammm(clwda@ cytekivgpradustien)dp thegehy

target nol ec 20 with Eﬂﬁ [ est
conpound to ‘rﬁS‘ﬁf}f %‘ﬁtﬂﬁ‘@ 8%@%@%lpro %pr#d\;ﬁéﬁ% Elg’?gtet

nmol ecul e i soammﬁsar@dwm t hereby i dent ify the test conpound as a nodul ator
of XBP -1 activit preferred enbadi nent the in or col 05|t|
conprises an i ndlﬂ‘ﬁﬂﬁg Icpmw%%‘i‘%ﬁ"(r)nbet%@ "‘F‘W}I %ﬁ’a ?3(BP 1
protei n and ;3..f) R hhtaFally eRPreiseS RBYIE1 ¥£ nidie pRferabl ng mmmmrbngmemdto

Preferably, the indicator cell contains:; a reconbinant expression_vector
encodi Hy th@%ﬁ@ﬁﬁﬁbﬂ%@hﬂ“ﬁ‘“ﬁé@‘?ﬂm@wwﬁﬁpﬁ?ﬁwrm ve

regul atory W%@i&e rﬁﬂ&htﬁﬁ{réiy,l th? Sificator ORPOHGH cAAWRE celil¥ree composition that
includes XBP-1 (e.g., a cell extract from an XBP-1 -expressing cell or a composition that
includes purified XBP-1 protein, either natural XBP-1 or recombinant XBP-1). In one
embodiment, the indicator composition includes an XBP-1 protein and a target molecule
20 with which XBP-1 interacts, and the ability of the test compound to modulate the
interaction of the XBP-1 protein with a target molecule is monitored to thereby identify the
test compound as a modulator of XBP-1 activity.
In preferred embodiments, the indicator composition comprises an indicator cell,
wherein the indicator cell comprises an XBP-1 protein and a reporter gene responsive to the
25 XBP-1 protein. Preferably, the indicator cell contains:
a recombinant expression vector encoding the XBP-1 protein; and
a vector comprising an XBP-1 -responsive regulatory element operatively linked a
reporter gene; and
the screening method comprises:
30 contacting the indicator cell with a test compound;
determining the level of expression of the reporter gene in the indicator cell in the

presence of the test compound; and
13



P
€05,

the screening nmethod conprises: 30 contacting the indicator cell with a
test conpound; determining the |evel of expression of the reporter g@rBeSim2004
the indicator cell in the presence of the test conpound; and 13 2 8 SE P
2004 WO 01149717 PCT1US00035674 conparing the | evel of expression of the

reporter gen indicator cell in the presence of the tmstusionssTsnd
o oL

with the Ie pression of the reporter gene in the indicator cell in
t he absence of the test conpound to thereby sel ect a compound of interest
that nodul ates the acti gi ) qnq,etigﬁbatgpéanqgm S

i dentified as nﬁﬂ'ﬁ‘?ﬁ‘?‘%‘é’;ﬁ 5 ét%%$V|€ ?9 he effect’ of the test

compound  OfpréseRgaifthe/festocoBipo M&wﬁhﬂﬁhmfemwssmmdf&mlwwlaﬂbq cel |

subset activity is then teste XBP-1-res on used
in the repdﬂ@@?tolj@ﬂeﬂ (‘jéheé est EATRA rs[e hd mé({lﬂgtﬁﬂ#

exanpl e, UQgL, Fdﬂ!ﬁ?s% iigm genes such as 10 a-1

antitrypsi n a-1e opro%el n, e"ﬁfg% as well as the 21 basepoalr r epeat
enhanc®r of the Oﬁﬂc‘ét&stlcb”ﬁpomdxexdmpﬁecbaﬁm@ﬂamh ;98?@ vb%ﬁ%‘!er
gene is the HLA DRa- CAT ,copstruct des ri | hibsdt)
Proc. Natl OAE%W"SELW%"‘SEWQ& a‘iﬂa Eﬂ § has g{lagﬁtr%ll neered to

express th v is théPleSied Can be produced by |ntrodUC| ng into the cell an

expressi on vector encodi ng the XBP-1 protel n Reconbi nant 15 ex reSS| on
vectors that camma-lmwmebm@s@ﬁ ﬁ"p‘FB? i cat or

cell are k P he !ﬁ“{? uﬁﬁ%aﬂ: m Wd_ginto
a reconbi na ﬁce%% %“%%c or usli st andar Iechiar bi ol ogy ‘

t echnijgues. gAan¥B@¥psin, dfsfopeaeinb HLAdDRwaseEhllﬂsohB%kbﬁpP@TW‘aﬁﬂbﬂcﬁ%fébf on
s A
T A oAy g s ki 'S'merst he
desi gn of a hbeQIIMMWWFWW%&ﬁ%?G’@P gﬁ"@ﬂ% Fbrary
gz:ggszaﬁgg Q%Q% mnWDNA are | MPanﬁmdeedombmno

scl osed i, n L'yy-ﬁ
al . (1890) s@mmmﬁmbﬁusuifwmw&

D e ot » AR S LGRS Psbanian  Corri

expression vector using standard molecular biology techniques. An XBP-1 ¢cDNA can be
obtained, for example, by amplification using the polymerase chain reaction (PCR) or by
screening an appropriate cDNA library. The nucleotide sequences of XBP-1 cDNAs (e.g.,
20 hmnanandrat)mknowninthcaﬂandcanbeusedforthedesignofPCRpﬁmmthat
allow for amplification of a cDNA by standard PCR methods or for the design of a
hybridization probe that can be used to screen a ¢DNA library using standard hybridization
_methods. The nucleotide and predicted amino acid sequences of a mammalian XBP-1
¢DNA are disclosed in Liou, H-C. ef al. (1990) Science 247:15 81-15 84, Yoshimura, T. ef
25 al. (1990) EMBO J. 9:2537-2542, and Kishimoto T. ef al., (1996) Biochem. Biophys. Res.
Commun. 223:746-751.

Following isolation or amplification of a XBP-1 cDNA, the DNA fragment is
introduced into an expression vector. As used herein, the term “vector” refers to a nucleic
acid molecule capable of transporting another nucleic acid to which it has been linked. One

30 type of vector is a “plasmid”, which refers to a circular double stranded DNA loop into
which additional DNA segments may be ligated Another type of vector is a viral vector,
wherein additional DNA segments may be ligated into the viral genome. Certain vectors

14



Followi ng isolation or anplification of a XBP-1 eDNA, -the DNA fragnment is

i ntroduced into an expression vector. As used herein, the term "vec@drSEP 2004
refers to a nucleic acid nolecule capable of transporting another nucl ei ¢
acid to which it has been linked. One 30 type of vector is a "plasmd",
which refers to a circular double stranded DNA | oop into V\hlf&lﬁ%uﬂnm
DNA segnent sSWAY4MA7| j gated Another type of vector is a viral vector,
wherein additional DNA segnents may be ligated into the viral genone.

aut ononoue. PR BRI ofgfranRmp RpCBpif At O ik W B0Y sre o O

bacterial veghy: afv&%ﬁ'ﬁﬂmﬂgb%ﬁét@ﬁﬂ@hgﬁrdf@tphcﬁoﬂﬁﬂdmmmﬂml

manmal i an vectors). O her vectors ., hon- ep| somal i an vect r
are i nt egr aDther vegtorsiag., penrspisoragl VGE‘PFS SFPOmft

host cell, Cg?s?g?lﬂ‘ev@b Moﬁ%tbﬁﬁtq% O%th:rwy ﬁibd%]&ﬁ%ﬂﬁhehost

Mor eover , s are capabl e Irecting tHhe expression of genes
to whisch t pesonie moﬁeva{caﬂmdadﬁ(adc@abhofmmtemeﬂwmerel n

as "reconbi nant _ expressiqgn vector or Si e Si.on Vec
general , exyrhsbéhmeeermw Sﬁ %Jﬁfﬂ‘ﬁ u@’é’hﬁi’ s are
often in th ﬁﬁfaﬂ,?“ RedeRM! deﬁﬁ&mﬁﬂvec’mhaﬁmd

and "vector’ e used I nte ghangeably as the plasmid is the 10 nost
conmonl y usaﬂhifyanmhbmmAmaret iim therforma of plasmidec frithe Pregent | ude

" epli cati on STy BT oy vEIe My be el oot oy SC PRk B he

Viruseg), Wmdteditmyvlyaged finfivedtom dHowaver, ttEmemonsmmded tndpelodessuch
vectors of the invention conprise a nucleic acid,in a my §|r§\%ble for

expr essi on @ther frmsaf cxpressien yeciors, suqhss viraky @Wr%‘tfcﬂlé the is

reconbi nant rf%&)‘iﬁ%@ MWMWWW ,evlﬁags&ﬂtqmmﬂnm
sel ected on the as?s of the host cells to be uged f or ex‘FB““iSI on,and the

| evel of expr essiTiwe reronbinant expression;vectors ok they inventipn CORPESF feaqd @ e ¢
aci d sequenﬁﬁﬂwk%p n.OF i dbc ‘{1 SR5OE o ¢ell, GHRDGAGING thay et OF ,
i 'S I ntende tha

"operably | to nean t the nucleotlde sequence of
interess is ﬁmmlmmcmummpsqﬂmmmoa%m

for expression, of 2Q the.n eot | se n
transcripti dRPEPLHE g‘i/é’t g ?W%? %ﬁveléi eﬁ Ehe vect whlchls

i ntroduced 'dﬁc&tﬁrbl?lhﬂt&&tcﬁﬁbhi:clcﬁhﬁd&&{meﬂe@ubapmsspis@ﬁthmawmnbmht ended

to includes pronoters, enhancer t her .ex con
(e.g., pol W?PEFP‘BPF’ M “Pé@‘tﬂ’g‘f ?}hﬂg&ﬁ}gﬁiﬁg“ escrlbed

for exanpl e, Mbmww ﬂﬁhﬂﬁér&ﬂﬁchh&i%ﬁexpmonof
Enzynol ogy 1 Academ ¢ Press, San 25 Di ego,

19 Reqgul at or
sequen@s mﬁxbuudeoﬁdweqmeﬁmmeeﬂnwnm%mw&mjﬁ systgm a Bost cel
when the vector is introduced into the host cell). The term “regulatory sequence” is

intended to includes promoters, enhancers and other expression contro] elements (e.g.,
polyadenylation signals) Such regulatory sequences are described, for example, in
Goeddel; Gene Expression Technology: Methods in Enzymology 185, Academic Press, San

25 Diego, CA (1990). Regulatory sequences include those which direct constitutive
expression of a nucleotide sequence in many types of host cell, those which direct
expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific
regulatory sequences) or those which direct expression of the nucleotide sequence only
under certain conditions (e.g., inducible regulatory sequences).

30 It will be appreciated by those skilled in the art that the design of the expression
vector may depend on such factors as the choice of the host cell to be transformed, the level
of expression of protein desired, erc. When used in mammalian cells, the expression
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expression of a nucleotide sequence in many types of host cell, those which
direct expression of the nucleotide sequence only in certain hOSt‘¥¥SEP2%4
(e.qg.,tissue-specific regulatory sequences) or those which direct
expreSS|on of the nucl eotide sequence only wunder certain conditions (e.g.,
I nduci bl e rﬁﬁglato sequences). 30 It will be appreciated bypctiesasstd | | ed
in the art desi gn of the expression vector may depend on such
factors as the choice of the host cell to be transformned, the | evel of

expression of protein desired e
expr essi onViors o EE&‘E @/%%W@W vect or’ %lc}ﬁt rol
functions e&&nem&wmmﬁaﬂaﬁmeﬁvwﬁm@owmmaﬂem cyﬁnnesﬂlm e,

commonly used pronoters are derived from poly Vi rus aden Vi ru
cyt onegal osd SisniamNirusit®i benimitieg @G‘ml#&?r?fl’? 0 CERIGFTIPLY lian

oMT2pC ( KaBERBHE eyt @%S@ﬁ%%éé@f%dmﬁﬁﬂmﬁﬂ?@o%%ﬂ?.
géﬁ%ﬁ?i: glnlgygg"\[/lgls a;g?rgﬁe!tgg:;ﬂ cons ¥ ve ex ressT on_ of immggf;zg&cdd in
a_manmal | seRUERRFs asAqORopl! eﬂfaéff ?8{;&?‘&?&“9’“ fin B Atfeieca

cyt omegal oyl fHga) B%Pr %lﬂtﬂduﬁbﬁb@léﬁﬁw atory systems
for use in nmamall an cell are knovvn |nthe art for exanple ste in
whi ch gene promoterd mhema.stgmeanwcib}em systemnsfpr pssiR S Mayo

gaa?:e ((atlg&l'_‘2 %Rﬁ)’f"g 8 B{Woﬁfﬁbgé%%iggt ock (see ‘gyzg
go;uerue'ltzl_ aﬁaﬂmj(zm HBﬁtyoSJ’WCKQW-QOM Bthwee!afL(19$2)@f@WBoca
Dad: 28, 232@%%3%%‘%(&%??0’ (Il Bt sy a9 fgsB) 1R c?%%glz\@@g&%bﬂ

Kl ock et al RG, Boed Riatonn FIL Sppl 167ER0),NucL
Ac?gs eResaab( %9%‘9’;&1‘ We33ﬁoudrsl.a@ G EEYr M

rel ated nolleenonss (fesees. elénef ab&&%%@ggﬁﬁilw2% %’_ZL gé?%)la f’E ¢’ Nail
USA 50! 554 7iaesScE; ORE 18,2038 o Kb g 9879 Aagd 32 ?e‘é”f??é“i%’éﬁ’%%‘%
Publ i g8t OR1988) m HABRELT: 2689-260%; dG L Betlisationdo. WD a3 AFHK0 | |
Tgrclt Bglr ng t'ﬁ g%g%%%l CF&%@?&%em ?}6%@ ﬁ’ért et "al &}Mﬁeg
Dev. 1: 26&12&7& Bujdd)PL i 9925 Past Natt. fvadrSut. iS4 855 4MES oh GBseno M. €10183) Adv.
(Wnoto anﬁﬁaﬁzfs%ézi_m Py BEr Pynligmpnafe, 3 parza: md BELHBlicpion
(Banerji etyglwd 9@8™135e56 ARibér nafid Ganielipedific regulatory sequences are known in
20 the art, including the albumin promoter (liver-specific; Pinkert et al. (1 987) Genes Dev.
'1:268-277), lymphoid-specific promoters (Calame and Eaton (1988) Adv. Immunol.
43:235-275), in particular promoters of T cell receptors (Winoto and Baltimore (1989)
EMBO J. 8:729-73 3) and immunoglobulins (Banerji et al. (1983) Cell 33:729-740; Queen
and Baltimore (1983) Cell 33:741-748), neuron-specific promoters (e.g., the neurofilament
25 promoter; Byme and Ruddle (1989) Proc. Natl. Acad. Sci. USA 86:5473-5477), pancreas-
specific promoters (Edlund et al. (1985) Science 230:912-916) and mammary gland-
spec1ﬁc promoters (e.g., milk whey promoter; U.S. Patent No. 4, 873,316 and European
Apphcatmn Publication No. 264,166). Developmentally-regulated promoters are also
encompassed, for example the murine hox promoters (Kessel and Gruss (1990) Science
30 249:3 74-3 79) and the a-fetoprotein promoter (Campes and Tilghman (1989) Genes Dev.

3:537-546).
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and Baltinore (1983) Cell 33:741-748), neuron specific pronoters (e.g., the
neurofilament 25 pronoter, Byrne and Ruddle (1989) Proc. Nad. .Acadg%cg;_p 2004
USA 86:5473-5477), pencreas- specific pronoters (Edlund et al. (1985)

Sci ence 230:912-916) and manmary gl and- specific pronoters (e.g., mlk whey

pr onot er, U\%Q@QW ‘No. 4,873,316 and European Applicati opchprjdobssshd on
0

No. 264, 166)" pnental | y-regul ated pronoters are al so enconpassed,
for exanple the marine hox pronoters (Kessel and Gruss (1990) Science 30

249:3 74-3 79 dt -f et o elLn- . ' 1089
Cones Doy, | % Snor YA ESSRIBE R i B ish FONRRA o smonf Biteobas)
DNA can be tédhhighel! CRsused hereif tariots fopink of the sernUftraasfectioms lare intendéd i | on
t echni ques. As used herein, the various forps of the term" tra {eection"
are int e_ndéﬁet@?Y@emoﬁ@'métt?’h&ﬂ“ﬁg’"l"@é’%ﬁﬂ?‘&@ﬂ“ﬁ@@ﬂﬂFﬁﬁ@s ’

| nt v oduct NeGRY ot Chifk, iRiiding calith phOdBal REIFRCAANBASDEREL | S,

i ncl udi ng cal'cf um phosphate co-preci pitation, E 5 déxtran-nedi at ed

t ransfgct i alextrir-mediarditansfectionclipafectimppordicamoporstion. aSuitabiegnetbods foor

G oo S el e o St ot s e L e igory o,
press (198%Wrziitdmn,bam 'Harbdfabatatory priss €1989) cant ot Iatokdtony of

manmal i an ce I's known that, depending upon the 10 expression vector
and transf epanuals. t echni que used, only a small fraction of cells may

I ntegrate the f i ' | qggs ¥ ¢'Qﬁﬁ{q’
sel ect these i%ogﬁ%%f%%nﬁ%?&gﬁco e’s#lgkg%‘ﬁlg%(gl e mar eﬁrbn?gé.ig.,
resi st@nce éxpreasion veabr al)transfectipmtechmidue used, ookyucsowlli fraction bicellsaaycel | s
along with the gene of,i rest Preferred,sel.ectabl rsyipncl ude those
whi ch conf e'imﬁgﬁg?g’ﬁgﬂ@% Qinfg dhengrngmg, "bﬂ'?ﬁ"""ﬁ?‘@f%@;%f‘ﬁ?%‘ﬁg’ 15
met hot r exat gueghliftd, 8ipenehhtbnesdes disBigctable Makdr {4  resitalied tormyibiotics)is r oduced
into a host céll "on a separate vector from that encodin lﬁﬁ'f)—l or, re
pr ef er abl y, Eowrallydntsaiiesd sta bt hostealls slong Wish fheigens e iBterest Prrferied srlgetable
| nt roduced PR el floSInibl cArlElHelibiafith 18 Uil ol 8 6418, 89groficih andCel | S

e sele

t hat have incorporated t ctabl e marker gene will survive, while the

ot her 15cel | methioayxat® (Niicleiaacid icacodingostlestablomankpempy bt introdyced dnpadiost sl i s
el s or ouPt APAFOHr AR et SRRl St BaiE BRASAD o L BAHE i NOS!
cul ture medCelB stsblp eragsfecetowith the tilesincédnudiriosdd raheriténtified byfdoug seloction| e,
B|yt Ir g? |_ |ei( ? Q&r‘g ggeilg rtl?atngg\?egl;lgw&wg %lm s];ielcgai)ﬁ:tnin%ﬂercggxg Wil Q@%@Wﬁle the other
cells die).
20 In another embodiments, the indicator composition is a cell free composition. XBP-
1 expressed by recombinant methods in a host cells or culture medium can be isolated from
the host cells, or cell culture medium using standard methods for protein purifying, for
example, by ion-exchange chromatography, ge! filtration chromatography, ultrafiltration,
electrophoresis, and immunoaffinity purification with antibodies specific for XBP-1 to
25 produce XBP-1 protein that can be used in a cell free composition. Alternatively, an
extract of XBP-1-expressing cells can be prepared for use as cell-free composition.
In one embodiment, compounds that specifically modulate XBP-1 activity are
identified based on their ability to modulate the interaction of XBP-1 with a target molecule
to whiéh XBP-1 binds. The target molecule can be a protein, such as c-Fos. Alternatively,
30 the target can be a DNA sequence (i.e., an XBP-1 -responsive element). Suitable assays are
known in the art that allow for the detection of protein-protein interactions (e.g.,
immunoprecipitations, two-hybrid assays and the like) or that allow for the detection of
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el ectrophoresis, and i munoaffinity purification with anti bodi es speci fic
for XBP-1 to 25 produce XBF -1 protein that can be used in a cell QGBS%EP 2004
conposition. Alternatively, an extract of XBP-1l-expressing cells ca
prepared for use as cell-free conposition. In one enbodiment, conpounds
that specifically nodulate XBP-1 activity are identified ba AUR00ALH 1
ability to m’éﬁg the interaction of YMP-1 with a target rmi’iegcule to

whi ch XBP-1 binds. The target nol ecule can be a protein, such as c-Fos.
Alternatively, 30 the tar

b DNA. '
XBP- 1- 1 es péh‘ﬂaﬂé‘)@l agﬁgﬁ‘r e}n‘ﬂf‘gp%'ﬁﬁﬁ eq‘g'eggﬁﬁg\%\“ﬁ%chg&ﬁ'r’t that allow
for the detgghis lﬁ}ﬂnﬁhﬁ&% DNd3é € atsaygand the like). By

| munopr eci plta ons ) rid assays and the Ilke) or that allow for

t he detectqmrfoninnk%uﬂaﬂss&ﬁﬁnm ﬁ@moswe%mwm ns
bet ween a di rot ei ]qu EHAREE thed Mtddaction of XBP-

el ectrophorwwﬁﬁgﬁgcg Msf t gfe%“a ?ootprl ?’Eﬁ( ng asgggs and t he
like).qBy p@;tj,qr@gggngmeassays in the presence and absence of test
conmpounds, these assays can be wused to identi C unds .t hat te
(e.g., inhibit dnmnmhgéytn@héh'?ﬁ#@lﬂéefb@ﬁm&ﬁ’f%ﬁ P?‘% mﬁtﬁqfﬁlﬁ%&w

nol ecul e. In_one e ?MHI? Qhﬁﬂh md,@&ﬁcmp.hﬁ)Mrget
nol ecul e i nPEIESE %%@#ﬁ est conpoun reater than the anount
of binding ﬁfgdhﬁle‘émmthmusémeofﬂmgemcuanmwm ease thestestcomppunds ¢ est
conmpound, in which case the, test .co n @@“ d t hat
enhances bi W%@W"Pﬁ‘h&hm S’H@g'lﬁmp? #Lﬂ anmount of bi ndi ng
of thq )NP‘#\ bt lof BinkdfH| ggﬁtﬂléTRBPClJithé fhofucalediide présehdecofithstestt onpound s
| ess t an the anount o [

ndi ng of t{ he_ XBP- | ecul |nthe
absence of mmmnsmmﬂuan?mm @mgéﬂ%ﬁ@%{;@t&%ﬁ?ﬁi ngm"ge htified
as a conpou Entifiead «8fa compound
[ Jon gg“?ﬁe%q‘?yl ng"%ﬁ’ aconpoun S Eiek oo s o Rot]

i nvention f that nodul ate an 15 interaction
bet ween XBPihht fihibisibindinglofXBRrlget nol ecul e, the full XBP-1 protein may be

may b used. | For 1 the Fhers o it toyealpll oot pREE sty ind et mifilub b ® 1
subr egjson OfptX@Ridn beiwber NBPLISKeirt dnd saigePoleenltbe 641 XaP ligsotsimay e
bedot er i neesd ke m"” o8 sigriapEh bl PorEne ot P 2 grlfihal By el or 2"
detectabl & WAShRIGS sblheed XD 1 wmlu%wo (or b EPhea siliregibh of KBP-1 tiatincludes
Become acsodhub-aFP sireduhea i sHd amﬁﬁﬁeeggre‘i%‘“f?-%%cbéo% b KEF- 1 phétein
| the target molecule can be determined, for example, by labeling one of the proteins with a
20 detectable substance (e.g., a radiolabel), isolating the non-labeled protein and quantitating
the amount of detectable substance that has become associated with the non-labeled
protein. The assay can be used to identify test compounds that either stimulate or inhibit
the interaction between the XBP-1 protein and a target molecule. A test compoun that
stimulates the interaction between the XBP-1 protein and a target molecule is identified
25 based upon its ability to increase the degree of interaction between the XBP-1 protein and a
target molecule as compared to the degree of interaction in the absence of the test
compound, whereas a test compound that inhibits the interaction between the XBP-1
protein and a target molecule is identified based upon its ability to decrease the degree of
interaction between the XBP-1 protein and a target molecule as compared to the degree of
30 interaction in the absence of the compound.
Recombinant expression vectors that can be used for expression of XBP-1 in the
indicator cell are known in the art (see discussions above). In one embodiment, within the
18



protein. The assay can be used to identify test conpounds that either
stinmulate or inhibit the interaction between the XBP-1 protein and @8 SEP 2004
target nolecule. A test conpound that stinulates the interaction between
the )MP- 1 protein and a target nolecule is identified 25 based upon its
ability to increase the degree of interaction between the XB%{'-%%?Q and
a target noVe8UMElhs conpared to the degree of interaction i nce
of the test conpound, whereas a test conpound that inhibits the

i nteraction between the XBP-1 protein and a target rpé*(e ule is identified
based upon $XPEessipn veator the XRP-}-cadipg seierres areopSTAUVELY o senlaeveen t he

XBP-1 protej ﬁm‘,g m&r@{ 2 Gn 1280 30;
interactiongeﬁ%a{a%eﬁg %[g%gfgrg?ﬂs? e 03%8%n . &g%?rg?nant&gggf%gg?%ﬁoggctors
t hat can beregslawry ssquenqescsuch avn oftotBepalovims promoten‘mhhencen ican be hsed). Userafwn i n
the art (see disgussions above). |n gqne enbodinent, w.thin 18,2 8 SEP
2004 WD 01137594 P@?‘WQ@B‘?&“ ‘b%ﬁ'ﬁ@‘;’% Fog opatiTitye ﬁxﬁﬁ"s&‘éb‘-’&ﬁgﬂdi‘ﬂb‘
sequenges aj@icafdf bal is\éiérrbd fok Rikntificdtidn of déMpotnds By ertaace drfisliibiatheow f or
constitutive expression of XBP-1 in the indicator cell (e.g., viral

regul at ory asiyingiof XBP-bubransaiternatiye embodiment; withinghe exnressiog yretache XBPah pe

used}. Use of.. a reconpi | EQE EM IW'EUHW
expressi on chp?%g'wﬁ%&gg@gﬁgﬁ [ sp e ‘é%rde for entl |Pclation
of conpoundgereli{fé., de pacitctetregulatonpregioniderived-from ithe/endbgefiols gene). NUserof a
alternative enbodinent, within the_e i on vector th P- codi n
sequences aFesOBBERARLSXpPEASHoN m&w&%ﬁﬁatms?%ﬁe%f}g@l %ﬁtﬁéﬁg ous
XBP- 1 mgenerég\' lafory sédienéds GPreftirell $SHiGHIBEMidn T icBMpiids\@ ehkemt b ihibit
endogenous g nea)ﬁ).ryps.e of a " reconbi nant expression vector in which XBP-1
expr essi on the toseriptionalexpressionofa¥BBdenous 10 regul atory sequences is

preferred 101 ¢ IS kAeP L RO TRRIBEA if RSN Bl nasbid e e

transcri ptional expre variety of reporter genes are known
in the art atreeningassaystofithecinbanions Examplesef suitable esportgr genesinsludé those=which

I nvention. Exanpl of .suitable.reporter genes. | Do | encode
chl or anphen FB‘E?FQ cﬁ@mwgﬁw&?gg&aﬁ%tbﬁgﬁ?%%n@% g?é&aﬁg’mp or
phosphpt ase hifersse.| Stghdfd afthods franaadrihgthé Ridity b thesegenes proiyets lare kmowavi ty

of these gene products are known in the art. A variety of cell types are
suitabl e folt88@Mas an indicator cell in the screening assay. Preferably a

cell line is useq yhetflofeeRtfiesaf suitiblé ff WhSastin iRARAGLEM iR theHtrckning/abaf | S

t hen engi neered to express reconbi nant XBP-1. 20 I.n one embodi nent,, the

| evel of exFPreferablyra esil lineds nsed avhichy exgeesses low levelsiof endogepqus XBE-1, which is
then engineered to express recombinant XBP-1.

20 In one embodiment, the level of expression of the reporter gene in the indicator cell
in the presence of the test compound is higher than the level of expression of the reporter
gene in the indicator cell in the absence of the test compound and the test compound is
identified as 2 compound that stimulates the expression or activity of XBP-1. In another
embodiment, the level of expression of the reporter genc in the indicator cell in the

25 presence of the test compound is lower than the level of expression of the reporter gene in
the indicator cell in the absence of the test compound and the test compound is identified as
a compound that inhibits the expression or activity of XBP-1.

Alternative to the use of a reporter gene construct, compounds that moduiate the
expression or activity of XBP-1 can be identified by using other “read-outs.” For exampie,
30 an indicator cell can be transfected with an XBP-1 expression vector, incubated in the
presence and in the absence of a test compound, and proliferation and/or differentiation the
cells, can be used as an indicator of XBP-1 modulation. Cell proliferation/differentiation
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in the presence of the test conpound is higher than the |evel of expression
of the reporter gene in the indicator cell in the absence of the tep§ SEP 2004
conpound and the test conpound is identified as a conmpound that stinmnulates
the expression or activity of XBP-1. In another enbodinent, the | evel of
expression of the reporter gene in the indicator cell in thepdpnighgsssnce of
the test coMDWMP?1L | ower than the | evel of expression of the reporter

gene in the indicator cell in the absence of the test conmpound and the

test conmpound is identified as ound & ressi on or
activity ofcaxbpmonitarediresty (48- tEF“t‘WgBﬁé’é ongepeg%ﬁgﬁn%g % gfégstruct
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-modul gti on, g-% oﬂr%ﬂ&%ﬁﬁ&ﬁaﬁ%ﬂh&&@f&ﬁhmﬁtgmm@mﬁmm}\o 01
[ 49717 Pcr; rﬁ 35674 can be nonitored di rectl ll;tﬁ.‘qlllp

e

r adi ol abel emmmnmmﬁmm@oe, sur:b.as
m cr oscopi c xam I of mnd W’pﬂ 18) fgmdmll at | on),
mrﬁﬁ?feﬁw&lone or %e b

or indirectP re markers of cell proliferation or

differenti ammm@emmkasmmmmas feverseiraserptionoRplmacrasechain, ; o g

with cell 5proI|ferat| differentiation eidslid ALhoeds far 9ene

product asseaFdeR® gé@&&mﬁ?@%ﬁcﬁ (W'q%“#ferentlatl@ su@ﬁ as the

secr etyjpon OP“?%W fldletidn BY clivié Qipeftlaianispshch ps asaymedmkbdsumnmdserbent
cyto

secr etlon o] |nes by differentiated Th2 cells). Standard
net hods f or askayse(ELIS4)arvmlisoknowe inBeAM. such as reverse option pol ynerise

chain reaction %Q@c%ﬂﬂo\h% { Rehindd Ghdrhatflat@& BRI @étivity) by bae of the

St andard net hods ng proteln secretlon in cultuyre
super nat ant Sariéty ®f nitthodls dysveibkd héreibeforn, thesolceted ‘6@8&‘5&' %me‘ié’ffe

al so known i,n the art tes \Hi%} (Rl lcal s
XBP-1 act i vill e’)/ e’b%‘ﬁﬁ@’ V/‘?ﬁ‘fag?(?{ﬁag#péhﬁods escri bed here| nbef or e,
the sejgct e%ﬁ&éﬁumm&n@m:mmdmmcm mtmnnsﬂw@nnmnmgénqem her
eval uated for its effect on_ he atﬁm rowt& ¢
di f f er ent i atwitnhepatorytecrB calls O cgE$ FHReT 3‘ viYe %¢§W“§?tmt tompound of
compound of ity ePAbE Y, By isolatiflg BeJ i&y(esoﬂBcelldm"léutlls in vivo
(e.g., by adnini sﬁ’erlny&t)% conp gu%de)(’)f |nto§rest toqi\ subl 8¢ i vo
(e.g., by |9@hﬂtungthehs;lapd)ggllsegﬂmhe30@m intarest of wg:ﬁg cng' | o
I solated cells with t SH celf or Tobel1qine g the
cont act i ng hE ot undho%maﬂw or ﬁind\ﬁ&dmﬁy
20 effect of the compound of interest on the growth of the hepatocytes or differentiation of the
B celis or T cell subset activity, as compared to an appropriate control (such as untreated
cells or cells treated with a control compound, or carrier, that does not modulate hepatocyte
growﬂaorplas:naceﬂdiﬂ'erenﬁaﬁonorTcellsubsetacﬁvity} The effect of the test
compound on the growth of the hepatocytes or differentiation of plasma cells or T cell
25 subset activity can be determined directly, by monitoring ccll proliferation and/or
differentiation (as described above) or indirectly, by monitoring one or more markers of
cell proliferation and/or differentiation, such as mRNA or protein secretion (as described

above) or by monitoring production of Th2 cytokines by T cells.

B.  Assays Using XBP-1 Deficient Cells

30 In another embodiment, the invention provides methods for identifying compounds
that modulate hepatocyte growth and/or plasma cell differentiation and/or T cell subset
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t he conpound of interest with a hepatocyte or B cell or T cell line) and
determ ning the 20 effect of the conpound of interest on the growthziﬂ é}i"ﬁlﬂlr
hepat ocytes or differentiation of the B cells or T cell subset acti §

as conpared to an appropriate control (such as untreated cells or cells
treated with a control conpound, or carrier, that does not mgtingse63s674
hepatocyte WPOHNYGr plasma cell differentiation or T cell subset
activity). The effect of the test conpound on the growth of the

hepat ocytes_ar. differ tion )l asyTey oFxaply vi ty
can be det e‘?‘%"ﬁ%ﬂ“ﬂ”@ﬂ‘t‘ie@‘n A o ng?g‘%le proﬁl?ﬂ#’iat %ﬁigﬁglor
differenti a&dﬁi}ﬂyt Gyempﬁaﬂloﬁaaemp-orgm)dwdsmmbryml hmmmusﬂ'gthone or
nore markers of prollferatlon and/ or, alfﬁerentlatlo @ as nRNA or

protein secdmméhpd( W@é@@r PEPMiRERHAPPPIGHIS Th2
cytoki nes b I | dt6d 8Phdpatoaiet her
enbodi nment , Xkégcfnth}ﬁt%w%?dgﬁdﬁ?gﬂ%odﬁ%ﬁfyggmﬁgéomounds wEhhat
nmodul age he WSO f@ieﬂwm-d/qanbpluadnde lagehits epataete 250

cell subsetp?g Z 8pdeEP 2004 Xg 1%7&7# / USOCx @S#\{.h "{hx F

cel I s defi chemeaps,ot Hug i E\?%%?? ANI Di t10on of XBP-1

activity (eg@hci Pl 5Im1aa£u¢él5ﬁ axﬁ&&u&ﬂlﬁockmmwlﬁﬁe}mp'
owt

hepat ocyt es W|t | Shed gr rate and prom nen opt osi eadi ng
to enbryoni geﬂea’smidcleglnbnfg’lmmm@mamﬂﬂﬂ WCQQFW&? "5"“%:’?& to
or

T XBP- 16 aReRen b PR B rociino ol 85 il e ey
e S e e ey eodshal feimotnpsr el U
system in S 8P, 5.430.258 33 be et sn S A0SR 1R
condi tional pP?cﬁﬁ% &é}mm duﬁﬁénttamﬁﬂ@&bﬁvnﬁ&ﬁepmws(wmmmmmx or

hepat ocyt e precursors or use i n screenjng. assays.. Eor, exa
tetracycl i nean bgisoksaddthal P‘t‘r‘iﬁ%ﬁ%‘nﬂf’% ”P@'E#’ﬂ&}'

desori bed | B4/ %%1%4%%%3 Sl ot B 3 i e B athing o

create hepa ocyte precursors), or XBP-1 def|C| ent ani mal s

from ws ch utdﬁer@mauouep'ﬁwmhsemm agmijar copitions] disBIPiPRd, t hat
Gi"che L defborh oo bl GHIRAR BB ob Qhiflencitiir !
relating to giei s usél to ghdrite neiod with lymplmid drgans that ariss from £mbiryinic stem
RAG 2 de 1 cicele WP orSEyRRS cBBioh Bl acn Sepcptomnia )" HSF TRkhuge, | ¢
mce with | ygRbabid RN9&"S, thidic, ?ﬂlé:ﬁ@mid’l&flyﬂpb by velis)ir porificd XBP-1 deficient
20 B cells or T cells from such animals can be used in screening assays.
In the screening method, cells deficient in XBP-1 are contacted with a test
compound and the growth and/or differentiation and/or activity of the cells is monitored
Modulation of growth of the XBP-1 deficient hepatocytes (or hepatocyte precursors) (as
compared to an appropriate control such as, for example, untreated cells or cells treated
25 with a control agent) identifies zr test compound as a modulator of hepatocyte growth.
Likewise, modulation of differentiation of the XBP-1 deficient plasma cell precursors (as
compared to an appropriate control such as, for example, untreated cells or cells treated
with a control agent) identifies a test compound as a modulator of plasma cell
riiﬁ'erentiaﬁon Likewise, modulation of the activity of Th] versus Th2 cells, e.g.,
30 production of Th2 .cytok.ines, (as compared to an appropriate control, such as, for example,
untreated cells or cells treated with a control agent) identifies a test compound as a
modulator of T cell subset activity. In one embodiment, the test compound is administered
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cells with honbzygous nutations of the )MP-1 gene (see Exanple 2). XBP-1
deficient |ynphoid cells (e.g., thymc, splenic and/or |ynph node Cfﬂakfli)

or purified )MP-1 deficient 20 B cells or T cells fromsuch ani mal s lﬂﬂ‘
used in screening assays. In the screening nethod, cells deficient in XBP-I
are contacted with a test conpound and the growh and/or differentiation
and/ or acti wyyeiabnithe cells is nonitored. Modul ation of gr oREFUSHVISHY XxBP
-1 deficient hepatocytes (or hepatocyte precursors) (as conpared to an
appropriate control such as, for exanple, untreated cells or cells treated
25 with a CQRbi) 10AIRRBumANBPNiRScint @iial; prefatbig aasouse (g4 mouse iof )

hepat ocyte growt'h Likew se, nodul ation of dlfferen I at.i gqn, of the XBP-,1
def i ci ent pwdmtathng-prgmm@uq y disEwRY mm%ﬁ@%r{l’ﬁa gbrYeaPra chimerig

such as, for_exa nt t cHbbd rol
agent) |denln?(f‘135? 'ﬂﬁifgéc l&%’%oun%%&{e{gﬁkﬁ?ﬁ F&? a‘gﬁigtssma céﬁ"@%

di fferenti atdentify & tdseydnioundtichy hidilates dfe intvévogrowthi qﬂhmﬂoms deficientinTh2
cells, e.g., 30 production of Th2

t okKi
appr oprd at e XPrra5in vivg dfezentiation o éﬁj A Sdﬁﬁ‘%‘?‘@é‘?%ﬁ"gw&@ﬁq?&
treated Wi DeRviePOE T et ﬁmtmé%ﬁ-ufwa@aMQMMmmmtm of
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T cell subs IVI ty. n one enbodi nent, the test conpound is
adni ni st er edsdldted from3hE na-bUmMOXBPL 1 deficterpamingl, sadicomested with the testy to a

non- human XBP- I cien ref I .
whi ch the xepn}wae%éx}"go@bﬁﬁ&ﬁﬁmﬁ?@?up?'%ﬁﬁ?&néﬁ%ﬂﬂcr. above
or a chi ”Er'lﬁpat@ﬁé@déﬁhx&iﬂiﬂ?XBPheoﬂmbﬁaﬁoﬂmmascﬂﬂedﬂh&mpdlst(orplw 1 as
descri bed above), to identify a test conpound Hlpa\t/ g‘egggl at ﬁ%t he,in viva
growt h of heqsatm)deﬁmfénﬁl’nl 8T 34y, °£i'5° ) f-£¢ ﬁWE’H‘on of

pl asma cel | in XBP-1 or in vi vo T cell subset activity of T
cell s defici'en BP— . I n anot her enbodi nent, cells def I, Ci ent ‘IEth XBP- 1
are isolated froﬁtﬂsk@ﬁnmminmlmb# obfained fropya ron-hgnan with

the test co IV Dao | Ric@Srats,
growth of t h %??H{egg lh%gfeggéjﬁgﬁsh%%f!?g@%{s lﬁ‘ﬁ%@&%r d%ent i at i on
of the isol agdus, Bbrdés]goMe bhdbsheey. lmlmsﬁm'cd embodiments, the XBE)1 deﬁmmtewmil
XBP-1 or act|V|ty of 1sglated (e. Th2. n)
Cel I's défi ci weuss Mi 8 B@ S?Fe‘ﬂ"?‘r%rﬂ%“%ﬁﬁ%%%qam nal's cr eat ed
to be defi cighiad defitidRe ih aﬁhﬂuﬁ@&ﬁb Hoduds wpicallp aregrtased bychomelogauskey's,
dogs, cats, mce, rats,. cows, horses, goats and sheeqms{ refe fé’ﬁ%
enbodi ment s, rqcn@bm Briefly, iaaveetonisiprenarsd vhich eontains at %P‘E‘E‘PF XBP
| can be e, ARcARch b et aFtﬁﬁBPBlesu%stnUE@n Bi"GREn inbloH G0 dRidbyiatal, i n a
particular g ne produ ypi cal are created by horml o ous
e.g, functionally d;srupt, the endogllous XBP-1 gené. The XBP-1 gene preferably isa
20 ©  mouse XBP-1 gene. For example, a mouse XBP-1 gene can be isolated from a mouse
genomic DNA library using the mouse XBP-1 cDNA asa probe. The mouse XBP-1 gene
then can be used to construct a homologous recombination vector suitable for altering an
. endogenous XBP-1 gene in the mouse genome. In a preferred embodiment, the vector is
designed such that, upon homologous recombination, the endogenous XBP-1 gene is
25 " functionally disrupted (i.e., no longer encodes a functional protein; also referred to asa
“knock out” vector). Alternatively, the vector can be designed such that, upon homologous
recombination, the endogenous XBP-1 gene is mutated or otherwise aitered but still
encodes functional protein (e.g., the upstream regulatory region can be altered to thereby
alter the expression of the endogenous XBP-1 protein). In the homologous recombination
30 vector, the altered portion of the XBP-1 gene is flanked at its 5’ and 3’ ends by additional
nucleic acid of the XBP-1 gene to allow for homologous recombination to occur between
the exogenous XBP-1 gene carried by the vector and an endogenous XBP-1 gene inan
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reconbi nation. Briefly, a vector is prepared which contains at |east a
portion of the XBP-I gene into which a deletion, addition or subst|29§Eme‘
has been introduced to thereby alter, e.g, functlonally di srupt,

endogenous XBP-1 gene. The XBP-1 gene preferably is a 20 nouse XBP—I gene.
For exanple, a nouse XBP-1 gene can be isolated from a nouse pcgasosdss74 DNA
i brary usi W oH®Thbuse XBP-1 cDNA as a probe. The nobuse )MP-1 gene then
can be used to construct a honDIogous reconbi nati on vector suitable for

altering an endogenous XBP- e i.n t.he is f'!mﬁ
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20 In one embodiment of the screening assay, compounds tested for their ability to
modulate hepatocyte growth or plasma ccll differentiation or T cel subset activity are
contacted with XBP-1 deficient cells by administering the test compound to a non-human
XBP-1 deficient animal in vivo and evaluating the effect of the test compound on
hepatocyte growth or plasma cell differentiation or T cell subset activity in the animal. The

25 test compound can be administered to a non-human XBP-1 deficient animal as a
pharmaceutical composition Such compositions typically comprise the test compound and
a pharmaceutically acceptable carrier. As used herein the term “pharmaceutically
acceptable carrier” is intended to include any and all solvents, dispersion media, coatings,
antibacterial and antifungal compounds, isotonic and absorption delaying compounds, and
30 the like, compatible with pharmaceutical administration. The use of such media and
compounds for pharmaceutically active substances is well known in the art Except insofar
as any conventional media or compound is incompatible with the active compound, use
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15 Methods for constructing honol ogous reconbi nati on vectors and honol ogous
reconbi nant animals are described further in Bradley, A (1991) ngﬁesgp 2004
Qpi nion in Biotechnology .2:823-829 and in PCT International Publi n
Nos.: WD 90111354 by Le Muellec et al.; WD 91/01140 by Smithies et al;
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chel at 1410  CRIRRME (Phebé whkePSolEBIENdrdispeisiviis aad stetilegoeiders forthe dxtempbaseaussuch
as acetates, 1 n citrates or phosphates and cq &l_Jnds for tt}@ adj.ust ment of
tonicity summmfﬁmlm%&b&@bwoa%%‘ﬂa@g@ T AR A th
aci ds O basgunis\teihefinhidl pHhoRfgical lind, Scterioglie Wiy Dreusoptior LM
parenteral preparation can be enclosed in anpoul es., .di ?posabt{we .
(BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In all cases, the composition
must be sterile and should be fluid 1o the extent that easy syringability exists. It must be
20 stable under the conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria and fungi. The carriercanbe a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable
mixtures thereof The proper fluidity can be maintained, for example, by the use of a
25 coating such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Prevention of the action of microorganisms can be
achieved by various antibacterial and antifungal compounds, for example, parabens,
clﬂomi:umnol, phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be

preferable to include isotonic compounds, for example, sugars, polyalcohols such as
30 manitol, sorbitol, sodium chloride in the composition Prolonged absorption of the
injectable compositions can be brought about by including in the composition an compound
. which delays absorption, for exaniple, aluminum monostearate and gelatin.
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syringes or nultiple dose vials nmade of glass or plastic. Pharnmaceuti cal
conpositions suitable for injectable use include sterile aqueous 15 253%52%4
sol utions (where water soluble) or dispersions and sterile powders for t

ext enpor aneous preparation of sterile injectable solutions or dispersion.
For intravenous adm nistration, suitable carriers include p | el
saline, bacwO I i c water, Crenophor ELTM (BASF, Parsippany,
phosphate buffered saline (PBS). In all cases, the conposition nust be

sterile and should be fluid to the extent tht eas abilit Xi StsS.
It nust be 20 st Stetile icﬂm@bletshbm@@ﬁéﬁ’tbm 'éﬁ’?ﬁ?%‘hg @%ﬂﬁ@iﬂd
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cases, it WigglydBiof thé Sdtive Mpreditm mﬁmmammmdmmawmm e,
sugars, polyal cohols such as 30 manitol, sorbitol, sodiumchloride in the
conposi ti on M-QHMSQBE@#WF} of the injectable conpositions can be

br ough{, about by d b, q.g;og ﬁééédi‘ﬂ&taﬂhﬁt)m&&blewheh
absor pilon for exarrpq Hﬁowngnum nostear ate and eI atin. Eg‘ﬂf SEP 2004

WG 01/4971&&&3&&]&@&%@1&1&5@@!!1 epared by
i ncorporatin the acti v nd i i tﬂeﬁaﬁggwrlate
sol vent wit aé'%ﬁﬁ%ﬁg’t#{ ‘P |h%8 %#tbé%o umera’twied above, as
required, f Qisb@ﬁﬁdebdfnfd»ﬂthﬂé@p&rﬁhes |o|r|cqmnleen0raBe¢mp(&iti0}ls c%n%l&b%l’w are
prepared by incorporating_the active. conpound.i 2 hi ch
contains a 5‘5%4 “‘él‘:%‘fb'lSF rd’ﬁeﬂ%ﬁmﬂﬁhﬁﬂgﬁm@%%ﬁaﬁn@h ktf‘elﬂln'gl‘i?e grnl}teg
fromthgse %.:{aécbs?wﬁﬁea oetswﬂ:]owedl @hamndamlﬂf ; pﬁonémb?
preparati on sterl elnjecta e sol utions, err t hods..
prepar at i on kinding sempeundsyandipr agiuvantestenals S ﬁ?& P@f&%ﬁg%m%‘gﬁn of
the active i n l1ike @& écnthin A sfdhefillo

erﬁ #’lup’t&? g éo s Bh@ AR 1K

previ ously

utron thereof, 1 n Oral co Iﬁ
general |y mmgmmormmmmmmdﬁbwé crqqgvﬁ ulose,
gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating compound

20 such as alginic acid, Primogel, or corn starch; 2 lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweetening compound such as
sucrose or saccharin; or a flavoring compound such as peppermint, methyl salicylate, or
orange flavoring.

In one embodiment, the test compounds are prepared with carriers that will protect

25 the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation

of such formulations will be apparent to those skilled in the art.  The materials can also be
30 obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to infected cells with monoclonal antibodies to
viral antigens) can also be used as pharmaceutically acceptable carriers. These may be
25



be enclosed in gelatin capsules or conpressed into tablets. For the purpose
of oral therapeutic admnistration, the active conpound can be

i ncorporated with excipients and wused in the formof tablets, t r och@$, SEF\ 2004
capsul es. Oral conpositions can also be prepared wusing a fluid carrier for
use as a nout hwash, wherein the conpound in the fluid carrler s 15 ;)‘olled
orally and W@m‘d‘land expectorated or swall onwed Phar maceut i & W
conpati bl e binding conpounds, and/or adjuvant materials can be i ncl uded as
part of the conposition. The tablets, pills, capsules, troches and the

li ke can cmpated agngrdisig totmetbasisikooiv 4o those kitiechintthe a@rf’owwpwlmasd@m'@d
simlar natu er, as mcrocrystalline cellulose, gum
tragacanth gﬁsd@f‘ﬁ% 4#’@2& pi ent such as starch or |lactose, a
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with carri wxﬁhephacymdgkdwmrwpm%dtﬂ’emmnmm'ﬂ cell) subsettactivigy. dnene ni nat i on

fromthe bod such troII rel eas forrrulatl |ncIud ng
i npl ants a %@Bahﬁ W"@ 8‘@‘{%‘ y be

bi oconpat i hlefdrkaicyiRd fo £aib &g used such as et hyI ene vinyl acet ate,
pol yanhydri des, polyglyco? aC|d col | agen, Eglyorthoeste and

pol yl acti c aci d.Fovpretigingrthe Wmmexwo,w XBBriscanibe | be
appar gpt t t ai ned
conmedt af i3 frotith bbb e XHp-PblaicieltGnff Bf ebiy o i ol ol

Li {)ﬁsomal lmudlamds(r e.nsul@n-ut)lmd:mgmﬂhamfmmmdr Yepadcytes andﬂmphmﬂ@lsl S

Wi monocl pnal_ a i T n SO use

phar maceut i ¥&18/¢ gts g‘?&ﬁf)e @%%%%Weggpﬁﬁv%%gngw‘% 4 VO

01/ 49717 PC{E&WSGM prepared according to nmethods known to those

skilled in the art, for exanple, .as described,_ in U S. Patent
4,522,811. | n anbellpsying sersactof the XBRhds @H&W%ﬁ?‘&?@m‘gﬁ‘é%ﬁwa?omh

or plagma c e+'ls d@é&ﬁ%'oﬁme%%m&&aldmﬁymafﬂubﬁa\to@iecemtIfled by

contactlngc cient 1n XBP-1" 5 ex vivo wwth one or nore test

conpounds, éﬂmhenmmofvlngna ¢edls of satiyity of TragH subssts can bp detammineshby ey a6 0§t e
o outh of PhgagB bl bl b iy ShpR sttty [ one
may be r eaHmawemeahdmlym of ﬂmdc]le,mhalyﬁm of memhfe:ange cdpacitycofabetelly onet hod
ex vivo, CeL.lllaiys(iiSEftlfhf 4 Kine o cJE Ca?’ example, to monitor hepatocyte proliferation, one
20 can monitor radiolabeled thymidine uptake, BrdU uptake, TUNEL staining (for monitoring
apoptosis) or induction of transcription of immediate early genes (see Exampie 1) To
monitor plasma cell differentiation, one can monitor, for example, immunoglobulin
. secretion or upregulation of Syndecan-1 expression (see Example 2). To monitor T cell
subset activity, one can monitor, for example, Th2 versus Th2 cytokine production by
25 ELISA (see Example 4). A test compound is identified as a modulator of hepatocyte
growth or plasma cell differentiation or T cell subset activity based on its ability to
modulate the growth of XBP-1 deficient hepatocytes or differentiation of XBP-1 B cells of
the activity of T cell subsets, as compared to an appropriate control (such as untreated cells
or cells treated with a control compound, or carrier, that does not modulate hepatocyte
30 growth or plasma cell differentiation or T cell subset activity). '
A variety of test compounds can be evaluated using the screening assays described
in subsections A and B above. In certain embodiments, the compounds to be tested can be

26



10 isolated froma non-human XBP-1 deficient aninmal or enbryo by standard
met hods and incubated (i.e., cultured) in vitro with a test conpourfd SEP 2004
Hepat ocytes and |ynphoid cells (e.g_, Bcells or T cells) can be isolated
fromXBP -1 deficient animals by standard techni ques. Follow ng contact of
the XBP-1 deficient cells with a test conpound (either ex Vi Vg a4 N
vivo), the ¥PAUTR} the test conpound on the growth of the “hepatocytes
cells or differentiation of plasma cells or activity of T cell subsets can
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- Xpressi S : | ivity,
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ELI SA (see gﬁmﬁig ecuftf Pofm
hepat ocyt e %gmﬁlwggng&ge rb?g#ognt | a?%eggf%ﬁ%lel I sﬁbset act ivity
basgdf ?n it mﬁh&v&g&tﬁ«){éﬂﬁiﬁla&b@nwmm m@WH@M“Fﬁhtﬂﬁbét@cyt es
or differen 0 subsets, as
conpar ed toijﬁgf ég%?gdp é"ﬂgﬁfgsgimﬁt %ﬁ‘tifﬂezﬁ"éfi BP'P? or cells
tr eat with ac pRIID B e pre@ént GiVentiod wiﬁb&ibtﬂnahmh@mynﬂuﬂaaﬁmmus
hepat ?c?yte 30 grg\aﬂé%&%r pI asrra cell dlffe;entlg’hon ar .T.cell, subset

activity). APRrasches ip eombinaterial ﬂ“@ggrﬂ screeni ng

assays descr||E§lgE SE%' %ﬂﬁ%ﬁg solufiof Bhdse li ngmn;ts, t he
conmpounds to e agﬂ'can O SEP 2004 V\D 01/ 49717 PCTNS00135674

deri ved frorhbhrjnmﬂ:odsrc(qmrmg,deamyomms ‘ane-bgad ppg-eemypoynd; Wm Wi | e

t Qghﬁ;sguce)fs ﬁ&@?‘ﬁ%@ﬁ%%ﬁ%‘g% %&We pr om on
m xtur s of Ibidrg eppreathis ndﬁwdwp@udel'hmmdvhdzup other foyuRppioackss aggt (1992) .
U 0 b S o Mol
(():Dle\%\:’)f?r P?%Wﬁﬁhapproac DeS(r:'l_z{he S;)ﬁt&i:gist?gﬂary)mew pane ol ns
libraries ofsysihesis ofm mlermmmbe qpnd fp g“&?‘v&' 3 f“"%ﬁe'l‘fj‘gﬁgg‘”been
descri bed (G St ﬁtca&“Sa. i) 1142899 6rwel 2P 4L (11996) lnﬁﬁmqpharmcology 33:68-
20 ; -and in Gallop ef ai. (1994); J Med Chem. 37:1233-.
Libraries of compounds may be presented in solution (e.g., Honghten (1992)
Biotechniques 13:412-42 1), or on beads (Lam {199 1) Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-556), bacteria (Ladner USP 5,223,409), spores (Ladner USP '409),
plasmids (Cull et al. (1992) Proc Natl Acad Sci USA 89:1865-1869) or on phage (Scott and
25 Smith (1990) Science 249:3 86-390); (Devlin (1990) Science 249:404-406); (Cwitla et al.
(1990) Proc. Natl. Acad. Sci. 87:6378-6382); (Felici (1991) J Mol. Biol. 222:301-310); In
still another embodiment, the combinatorial polypeptides are produced from a cDNA
library.
Exemplary compounds which can be screened for activity include, but are not
30 limited to, peptides, nucleic acids, carbohydrates, small organic molecules, and natural
product extract libraries.
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Engl. 33:2059-Carell et al. (1994) Angew. Chem Int. Ed EngL L3.2061-). 10
The conpounds of the present invention can be obtained using any of ?@%EPﬂm‘
nuner ous approaches in conbinatorial library nethods known in the aft
including: biological libraries; spatially addressable parallel solid

phase or s %, td &Eyghase libraries, synthetic |library methodgcy, sk 0
deconvol ut i one- bead one-conpound' |ibrary nethod, and synthetic
library met hods using affinity chronatography sel ection The bi ol ogi cal 15
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may bé pr ehepmmytasror Bodells (piasngaawy nrecm@mrél‘meéli 6w} celimreeussans)i withes
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89: 1865- 1889) or on phage (Scott and 25 Smth (19 ScCi ggce 249: 3 86-390);
(Devlin (13xentice arsef paticularinteresy £ use By frRapdip 'gz‘ﬂiﬂi °Nat|

Acad Sci . [ Jaﬁ?ﬂxh’mnnﬁh ,m n still
anot’her errg’ﬁélg%eng ﬁéel%sosﬁ |naf?6’?t|"%ﬁ§po ypepti des are prag'(lzl‘uced cf!?d(;m a cDNA
|'i br ayQy. EhwbmqsmmqmumdﬂsmTcﬂladnctbe screened for activity include,

but are not 30 Limted t es | ei

organi ¢ nol ecul °‘5Yﬁ9“ﬂ'é &’BW@?P;CMM%%EBWOM

WO 01/ 4971 ceftdifidretidatidner 7 cell kubsbﬁcﬁﬂﬂﬁ:ﬂﬂﬁuﬂ}&dﬂiﬁt’a by aﬂhpmtem;gmth@r owt h

or Plasma Cell Differentiatign or T Cell Su et In ano%z’l}vi aspect,

t he i nvent |5§hJ=F'e9alhemmé’4% fiestive amopppfiadp es or
differenti gfplbQtny qléeu%ub@eaal wantactin
?Lgahéﬁfrg.mi. bSplR¥mAEl aaﬁaeneauo}i& iy 9

5 hepatocyte s o asma cell precursors) or T cells, (or . T cell
pr eculSor s)subjectis madubiedaThe tm “ebicet”dg intepded tosinelnde living greamisms&mt ¢ he

1D 00Vl POTEAH b i bR bbb oty !
particul ar caed, efies rat§ cows, herses) geats nd isheppp dedulation of XBP-1 pesiyity obgnefore,or
provides a means to regulate aberrant hepatocyte growth or plasma cell differentiation or T
cell subset activity in various disease states. In one embodiment, for stimulation of
20 hepatocyte growth or plasma cell differentiation or Th2 cell activity, the modulator
stimulates XBP-1 activity. In another embodiment, to inhibit hepatocyte growth or plasma
cell differentiation or Th2 cell activity, the modulator inhibits XBP-1 activity.
Identification of compounds that moduiate the growth of hepatocytes or plasma cell
differentiation or T cell subset activity by modulating XBP-1 activity allows for selective
25 manipulation of hepatocytes or plasma cells or T helper cells in a variety of clinical
situations nsing the modulatory methods of the invention The stimulatory methods of the
invention (ie., methods that use a stimulatory agent) result in increased activity of XBP-1,
which stimulates hepatocyte growth and plasma cell differentiation and Th2 cell activity.
In contrast, the inhibitory methods of the invention (i.e., methods that use an inhibitory
30 agent) inhibit the activity of XBP-1 and inhibit hepatocyte growth and plasma cell
differentiatio and Th2 cell activity, as demonstrated in the Examples.
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plasma cells or T cells subsets in vitro for adm nistration to a subject
with insufficient 10 hepatocytes or plasma cells or T cell subsets.7FISEP 2004
i nvention also allows for nodul ati on of aberrant hepatocyte growth or

plasma cell differentiation or T cell subset activity in a subject in

vivo, by adr’qvaiﬁ,?@ﬁk/gg to the subject a therapeutically eff REVUSIHInt -
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20 further detail below.

A Inhibitory Compounds
| Since inhibition of XBP-1 activity is associated with inhibition of hepatocyte
growth and plasma cell differentiation and Th2 celi activity, to inhibit hepatocyte growth or
plasma cell differentiation or Th2 cell activity, cells are contacted with an agent that
25 inhibits XBP-1 activity. Cells may be contacted with the agent in vitro and then the cells
can be administered to a subject or, alternatively, the agent may be administered to the
subject. The methods of the invention using XBP-1 inhibitory compounds can be used in
the treatment of disorders in which hepatocyte growth or plasma cell differentiation or Th2
cell activity is enhanced, stimulated, upregulated or the like. For example, hepatocellular
30 carcinoma is associated with increased proliferation of hepatocytes, whereas multiple

myelomas and certain autoimmune diseases are associated with increased immunoglobulin
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Th 2 cell activity is beneficial, a stimulatory nethod of the invention is
sel ected such that XBP-1 activity is upregulate Exanples of situat]®§EP 2684
whi ch these stinulatory nethods 10 nay be useful include hepatic injury,
hepatic failure due to hepatic disease (e.g., viral infection, such as

hepatitis), hepatic failure due to hepatic toxins (such as ci%eﬂgg‘;ﬁﬂ‘
i mmunodef i ciWAMNMMIZor ders characterized by insufficient antibody.
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adni ni st er ¥ g Rpcleieacid (4. 28 “ﬂ%ﬁ\?ﬁ%&ﬁwﬂl‘ﬂéﬁ tﬁﬁgﬁi{?’%‘nﬁﬁ@ﬁﬁf -1

i nhi bijgory ﬁ{a.qegﬁm} i&ﬁﬁg BRledars destribbd'i fuithért diill beddwdhcladeitisenss nudleieh
hepatolgyte gr owm ofbp asma c'eIIE differentiation or Th2, cel] a é‘lﬁ\? y is
enhanced, satidy, intrasellulapantiyodiss, peptidic eompaupdethatipht ‘g,ﬂmﬁéﬁ ¢kl lul ar
30 carcinoma.iS .associ at b bR bnhiBE iR aPinhfhi XBP-1NREARICYT es,
wher eas nul t Iaewﬂﬁg@f)ﬁgsa%an %r‘gal n éau 0|hrmun'e di éeases are ‘associ at ed
with increased inmunoglobulin 29 2BSEP2004 WO 01149717 PCT/ USOp13S674
production by plasna éel | s Anfisepse Miclejt deiddMeleeylessd di sorders for treatnent
using an inhibitory conmpound of the invention include hepatocellular_ |,

carcinoma, nulti jib enewwmbatiment, m@bﬁtﬂﬂr@mp_@%%@ﬂ?‘@ﬁﬂ?l&é@@ww]‘m
| e, | RS NI BR, eod R R DG ] Th 2
i nvention cgend)er arévontbigunpexpressioh veder dngbding bﬁd@hﬁﬁ;nsqm&ﬂmnvmaact to
speci i cal Lyl it B L e SRR 38042 Qwigdatt e ApresdiBiofa pliiculiifotein in
a cell is well known in the art (see e.g., Weintraub, H. ef al., Antisense RNA as a molecular
tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1{1) 1986; Askari, F.K. and
20 McDonnell, W.M. (1996) N. Eng. J Med. 334:316-318; Bennett, M.R. and Schwartz, S.M.
(1995) Circulation 92:1981-1993; Mercola, D. and Cohen, J.S. (1995) Cancer Gene Ther.
. 2:47-59; Rossi, J.J. (1995) Br. Med Bull. 51:217-225; Wagner, R.W. (1994) Nature
372:333-335). An antisense nucleic acid molecule comprises a nucleotide sequence that is
;;pltm'y to the coding strand of another nucleic acid molecule (e.g., an mRNA
25 sequence) and accordingly is capable of hydrogen bonding to the coding strand of the other
nucleic acid molecule. Antisense sequences complementary 10 a sequence of an mRNA
can be complementary to a sequence found in the coding region of the mRNA, the 5' or 3'
untranslated region of the mRNA or a region bridging the coding region and an
untransiated region (e.g., at the junction of the 5' untranslated region and the coding
30 region). Furthermore, an antisense nucleic acid can be complementary in sequence to a
regulatory region of the gene encoding the mRNA, for instance a transcription initiation
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herein, the term"intracellular binding nolecule"” is intended to include
nmol ecul es that act intracellu larly to inhibit the expression or aggiSFPt2gis
of a protein by binding to the protein or to a nucleic acid (e.g., an nRNA
nol ecul e) that encodes the protein. Exanples of 10 intracellular binding

nol ecul es, described in further detail below, include antisense nucleic

aci ds, intraglgiMbay antibodies, peptidic conpounds that inhi RECTUSNES674
interaction of )MP-1 wth a target nol ecul e and chem cal agents that
specifically inhibit XBP-1 activity. i. Antisense Nucleic Acid Ml ecules In
one enbodi '@Qﬁenc@ﬂrk@ﬁiaﬂir&@fe&heﬁ@fm@mmhnhﬁﬁsehmmldmidischmmmsemse

or to a pifma&ﬁm”ﬁﬁ'ﬁg;‘ﬁn%m e”e”t‘ar% SR RUERR gRaESPUBkcodi ng
o downr eguTang of e el RtPof RARRNRC O T TSRS 2cel | .Csaﬁ,'ef’f
known in the artGivesthekmpwn dielentidasequende fartthetoding stranid of theeXBRA gene tand

101y 1986, bRt R scanemcerot e SHERLMIVAY Riseassynpiet; st W fbion '
8241%(13 ?ég?n%ercgf‘a DWC%}%r&W@%%%e%me 904)

2: 47-59; leqncaclqulmmmwmmmt@em soding fegionef a

Elﬁfsrcragtlgz?mﬁ%‘ih ?@i%pnﬂ%eor%nuﬁc?&%tdg% codil ng sttsra d of anot her

nucl ei ¢ aci &e%ﬁ%ﬁoﬁmgmml Mnf:‘u)emlamw y is

capabl e of drogen . bonding to, the codi strand of ..t h cid
mol ecul e. gg%ﬁ@@“ decandicomplasprptary i &g ﬁ’c gﬂgﬁa%of #&f\&& of2

be CO”D' e”eatﬁmmASWaHQ@hmﬁoﬁm&Jﬁgexmlmwme 520, t_he
5' 3" untraunslated region of the nRNA or _a regi F)n br, E‘hg t he codi ng
regl on and 3&3&135&05#&10960 pacleqtides in length o An aRGsenseRYC o %gnenuon

untransl ated_r ye El?ﬂh %ﬂh&ﬁ@nﬂ 1RGP Feletiohs using | sense
nucl ei ¢ aci 8anc§°gé°oe conp erFE ry 1h sequence to a regul atory region of
the gene en eshmwﬂﬁAheMrFombeammmlﬁﬁﬂmﬁ(Fm-@Pmmo 20
SEP 2004 WO Q1/49717 .RCTJUS

Pref erbbl y, © gﬁ%*%‘ﬂ??s’@“#ﬁ?@f%%ﬁ%ﬁ& g% 4 soi as to E s or
conpl enent a%&@iﬁnb&m&&uﬂwﬁd%ddaﬂmﬂmhmmm@ebinéogxmlmhﬂmdtheodon on

the coding® strand or in the 3" untr t he
known nucl e&9lerailesss te icEasg,the physical ﬁgﬁbws‘ﬁgﬂ%‘g‘% @H@e‘;ﬁﬁ%ne %gﬁb

thus the kn%sﬁﬁg BOER aeids! aﬁ@pbmwedeﬁmﬁﬁemmmﬁmbsmms of the
I nventi on can gem ned a{j%ordl ng_to _th | es, of v&tsoge%se% Cri ck base
pai ri ng. Thawuckntidessan Examples of modifi nucleotides whi to generate

20 the antisense nucleic acid include 5-fluorouracil, 5-bromouracil, S-chlorouracil, 5-
iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-
carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil,
dihydrouracil, beta-D-galactosylqueosine, inosine, Né-isopentenyladenine, 1-
methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine,

25  3-methylcytosine, S-methylcytosine, N6-adenine, 7-methylguanine, 5-
‘methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine,
5"-methoxycarboxymethyluracil, S-methoxyuracil, 2-methylthio-N6-isopentenyladenine,
wracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-
methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, macil-S-oxyacftic acid

30 methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-
carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. To inhibit XBP-1 expression in
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nucl ei ¢ acid nol ecul e can be conplenentary to the entire coding region of a
XBP-1 nRNA, but nore preferably is an oligonucleotide which is ant 75004
to only a portion of the coding or noncoding region of a XBP-1 nRNA . For
exanple, the antisense oligonucleotide can be conplenentary to the

region surrounding the -translation start site of a XBP-1 nF%@T é@a 74

anti sense oNVOPWMIMFeoti de can be, for exanple, about 5, 10 ’E 53

30, 35, 40,45 or 50 nucleotides in length An antisense nucleic acid of t he

i nvention can be constructed usjng chenlcal synt hesi d zynat.ic

li gation r egeksiimositare,ong or mm oligepelgotid ?W%M“’é’%l‘é‘imﬁn

anti sense nucleic acid (e.g., an antisense 15 ol i gonucl eotide) can be

chem cal ly W‘nem zed usi ng naturally occurring nucl eotides or variously
modi fi ed nucl eotWﬂy%@MeMaemdmmwpmuo@ddmlomm mmg/atbf t he

nol ecul es or to increase the, 5| cal stab ,d
bet ween t heexpressiomynsetor el %#c)bé%)i cgjl\b&ngsp osgﬁﬁr o'fylan og?

der i valy ves god a0h i diuny W%bfgwﬁ@dn&&h%ﬁ&ﬁ%ﬁﬁmﬁdnueleﬂ aciailiesst of

nodi fi €d nu ¢an be used to generate 20 the antisense nucleic
aci d incl Udﬂn&ﬂdeﬂﬁ@iumnhtoaﬁgmondmcmltiOfMI

i odour aci |, hypoxan .njne, xanthin ﬁ}@ Aok B mmat?lb becho which
car boxyhydr@WPﬁ‘é‘ﬂﬁ A “@m%ﬁ%@éw{ yI am nonet 2 2-thi oslﬁ'l di ne,

5- car boxy Itfm \of ticumtibe nseRNwdroammnhpenofmmst, fonnstancc
bet a- D- gal act os ueosli ne, I n05| ne, -i sopent en deni ne, |

met hyl guani lpaomb terscinidipr euhangers or othet f%m&ﬁém m‘r@&%%
2- et hyl guanj ne, 25 %ég@k | T h@Eh@RNNG T antisense 7-
net hylguanl ﬁ@“ﬁg““ r'réﬁiﬂs miﬁ}y&r

nom et ur cil, 5-met hoxyam no ?d\él -2-thiou
raci |, beta- mwmmmmvm r“é%‘t‘ fof et ho

xuraC|I thlthlo 6-i sopent.enyl aden I cid
) 2oy but oeoormSting Sama AP RE S ERRS *%ﬁ*%a%’é%h‘i‘m% biront

hyl - 2- thi ourgglebs) 1@¢1Mﬁ&ﬁe&wwkmmmumpnmm@nmwmmn
acil -5- oxyacetlc aC| d 30 rret hylﬁgt er, uraC| I O?( CF b?ﬁ
5- et hyl - 2- t¥sictancae be inthe %%? ;’ aC|I ac p3)w,

and 2, 6zdi a ?gﬁsfn@cﬁpf&hh RreesEﬁs Imtﬁianwsmmus usifig a Standssi mm
01/ 497% EQFP%S%E 4 cel'ls in culture, one or nore anti sense

ol i gonucl eot tedlmsiquezan be added to cel s in culture nedia. Aternatively,

an anti sense nucl T’E‘? ﬂCl g e{% EEJPtHéEﬂI Afdnlave ypically adminds n P&RA ON
vector into which por ion o MP-1 cDNA has. beegﬁﬁ bcl an 5
anti sense or injéohbt Penefaredain,sitn sadhahat theyi hybridize 3t erbipd ﬂﬁ’emm
nucleic ac dgglgn!uc?)%Auoodmg a XBP-1 protein to thereby inhibit expression of the protein, e.g.,
20 by inhibiting transcription and/or translation The hybridization can be by conventional
nucleotide complementarity to form a stable duplex, or, for example, in the case of an
) antisense nucleic acid molecule which binds to DNA duplexes, through specific
interactions in the major groove of the double helix. An example of a route of

administration of an antisense nucleic acid molecule of the invention includes direct

25 injection at a tissue site. Altcrnatively, an antisense nucleic acid molecule can be modified
to target selected cells and then administered systemically. For example, for systemic
administration, an antisense molecule can be modified such that it specifically binds to a
recepfor or an antigen expressed on a selected cell surface, e.g., by linking the antisense
nucleic acid molecule to a peptide or an antibody which bindsto a cell surface receptor or

30 antigen. The antisense nucleic acid molecule can also be delivered to cells using the
vectors described herein. To achieve sufficient intracellular concentrations of the antisense
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an antisense orientation to a target nucleic acid of interest). Regulatory
sequences operatively linked to a nucleic acid cloned in the antisegﬁ% P 2004
orientation can be chosen which direct the expression of the antis sé
RNA nolecule in a cell of interest, for instance pronoters and/or

enhancers or other regul atory sequences can be chosen which direéé
constituti veWQ@d8U& specific or inducible expression of anti AR 4T he
anti sense expression vector is prepared according to standard reconbi nant

DNA net hods for constructing recombi nant  expression, vectors, except that
the XBP-1 eoBigules;vestaricpustructsie phish)the antisenseawclenasid melegle jsplaced under

anti sense or, entation. .Th t] ' :ggctor can be in the form
of , for exam@%i?&mgﬂmobﬁgwé%#g%%ﬁ or attenuated 15 virus.
The antisense eXWi?@tsahﬁtheﬂﬁﬁWunéﬁ, thatantiskasendleit acid aloleculesnfithe mvedtindsar d

transfection technique. The antisense nucleic acid | ecul es_of the,
i nventi on a8 aranemesic nyclsie Acid meleswe Maeﬁnommpee@%racr%éw@ﬁﬁ%@@ﬁ spseifie

such that t@g@l@%@d%ﬁbﬁ%} 'tREongbﬁﬂaﬁh@EfﬁﬂA%%mm?%ﬁﬂme uSE] Pliinfts, DNA

encodi ng a protei ere t expression of” the protein,
e.g., 20 by thetidads rungparaliehmceatipbiheryGanltiever ol IP8TpNuddeic ATids Reshb}3:6625at i on
can be by conventional, nucleqtid oniplenentarity tg, for .St ahl e.

dupl ex, or, 668}). bheAptigenss g ﬁ%a‘f,’gé%"(i?ﬁ"h'g?fn @%ﬂé‘éagﬁflﬁm@%ﬁq"&c cul e
whi ch bi nds ( leik AERN Res. 366131 161 48) e thitfidricORINALDNA @halbghé
groove of tk@%’gﬂﬁgﬁ(}g&ﬁn exanpl €of a rou)te of admnistration of an
anti sense nuldoseer @lc(198HOFEBS Lert. 2A158382-33Ment i on i ncl udes direct 25

injectjon at a ti,ss site. Alternatjvel. [ L ;aci d

rmJI ecul'® can be %ﬁﬁ%@%@%ﬁﬁ‘%‘eﬁéﬁ%&@%g& gﬁ?jﬁ‘f’ﬁgﬁng ﬁnlflalcster ed

syst eni cal | wibdzphe e Ribiyes irecatalytic RN A modetulesiveith rittonociease activifyt whieln sre

nol ecul e can be nodified such that it Sf)ecif,' cally bi to a.Jeceptor or

an antigen 2pptieeteleaninga sipglesirandedaue ‘E"‘lﬂ‘fdaé\é‘fh %"6 , 1".‘%’&%8“?&8""

antisense  Niifhildierifry dedlbh SPHsCriborytheR EhE] HinMtrhail AbUayhied ideskritell ibi nds 10
ep

a cell surfacerec r or 30 antigén. The antisense nucleic, acid nolecul e

can al so be Hsiclhofiand Geslack (1988 Namre 3365853 heas beased toisarlytically gleavey
2004 W o1/ A5 RSP feBisp pefeB it Bt ion B XIC1 RN/ R b O, 17
anti sense nugiviigspecifidityforaXBB 1icacpding nutleindeid can bedesigned basedfupan ter ong
ot sense uRidretof srrenrgiaf e XBBrT AT Rt ekl AURhiiive SERIUr R henaL”
aci d nol ecul g9 VRN BB dofisti¢fdGh whichi e Fdlectide sequanceof theadtive site i3
A e aontany o the Tuclostibe soqueica'd be Sleaved iha XEb-1- 60 iRk, B8
20 e.g., Cech ef al. U.S. Patent No. 4,987,071 and Cech er al. U.S. Patent No. 5,116,742
Alternatively, XBP-1 mRNA can be used to select a catalytic RNA having a specific
ribonuclease activity from a pool of RNA molecules. See, e.g., Bartel, D. and Szostak,
J.W. (1993) Science 261:1411-1418.
Alternatively, XBP-1 gene expression can be inhibited by targeting nucleotide
25 sequences complementary to the regulatory region of an XBP-1 gene (e.g.,an XBP-1
promoter and/or chhancer) to form triple helical structures that prevent transcription of an
XBP-1 gene in target cells. See generally, Helene, C. (1991) Anticancer Drug Des.
6(6):569-84; Helene, C. et al. (1992) Ann. N. Y Acad. Sci. 660:27-36; and Maher, L.J.

(1992) Bioassays 14(12):807-15.
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the strands run parallel to each other (Gaultier et al. (1987) Nucleic

Aci ds. Res. 15:6625- 6641). The anti sense nucleic acid nolecule can alsg
conprise a 2'-o0- nethylribonucleotide (lnoue et al. (1987) Nucleic 181568 2004
Res. 15:6131-6148) or a chineric RNA-DNA anal ogue (I noue et al (1987)
FEBSLetn. 215:327-330). 10 In still another enbodi nent, an anti sense

nucl ei ¢ aci QuPhidoey i nvention is a ribozyme. Ribozymes are REIVUSOWBI6I4 RNA
mol ecul es with ribonucl ease activity which are capable of cleaving a

si ngl e-stranded nucleic acid, such as an nRNA, to which they have a

conpl ement ary regi on.i ThuSmradellnity Mesbddiess. , hanmer head ri bozynes
(described in Hasel hoff and Gerlach (1988) Nature 334:585-591)) can be

used to catal yt 'Aﬁﬁiﬂk&#ﬁeﬁ\iﬁn rgBBmi;oxiﬂE‘iBattdaﬁrbemudmanmmwwmmomhl bi t
Ari

transl ati on of XBP-1

ozyne haV|ng speci |
aXBP- | enc@udliogamclyafml@r@m ina lﬂagrm'aa% "an’t?ﬁ Mﬁ%&?‘?&‘i de
sequence of,the 0 i na L-
TS’ rustitessefierein, TR e of e SIRIE el it bt o etgfégﬁlgﬁggh{fmr@

activessi tqmb&mﬁqm:ﬁ(seélégr&aﬂsan,th& (ll%B)?MoI Cells Bipl 2638:2646-BioceaaSett i n a
XBP- 1- encodi

7,071
and Cech etalgﬁ”‘l)m%f Srk01nNO8: y"ﬂ% ﬂil@%?ﬁ)?ﬁ@%ﬂ”% lfﬂr}éﬁm can be
dt | t X
{Tom & pool Cisof f&, 'Q¥3) £ ggwﬁgh%b&wm $429 msgﬁm%@;g?? eﬁ&;g;W!)y
(1993) Sci eProe. il Ackil1 S ATISA msaa-m;am;;s emP(lﬁ% 9%an be

hibited b 2 t
ogul at or'y 399 EBR -Vl GlopSRh) tmart Geri THeERS SRs 360 AR, Bl ‘7’“?9""“
enhancer) t Nafl. o @t $4i P84 9?15;{}??-50‘5 Uhﬁﬁ,lﬂ-ﬁisleﬁdla(ﬂm)maw‘m doad ScipUSdn  of
O AR ool L e B o BRI 7
660: 27- 36 J ﬁhm 2Mhashi SEP
9&#?&{0@{;}}? 'Bi C%# ?%)C il WWZKTQ k4R A B ef3s. (29@.5)

2004 WO 011 bodres PCT/ USOO M/4 Anot her type of
i nhi bi tory EMBbiirid:1542t155ak Richardsen| Jibed 4ih{1893) Rriac. NothreadiSsh USdnd/ or

o o 1 BT Ra MR Rt Eh O Aol BNl ¥ R e bl ©
proteiy funplol WO 55/0383EbY Dusn &r dlpown in the art (see e.g, Carlson, J. R
(1988) ot Cell. TBllgllaibn %roztgg%mzv?tﬁﬁusm%ag%&ce ular antlbody, a recombinant expression
vector is prepared which encodes the antibody chains in a form such that, upon introduction
of the vector into & cell, the antibody chains are expressed as a functional antibody in an
intracellular compartment of the cell. For inhibition of transcription factor activity
20 according to the inhibitory methods of the invention, preferably an intracellular antibody
that specifically binds the transcription factor is expressed within the nucleus of the cell.
Nuclear expression of an intracellular antibody can be accomplished by removing from the
antibody light and heavy chain genes those nucieotide sequences that encode the N-
terminal hydrophobic leader sequences and adding nucleotide sequences encoding a
25 nuclear localization signal at either the N- or C-terminus of the light and heavy chain genes
(see e.g., Biocea, S. ef al. (1990) EMBO J. 9:101-108; Mhashilkar, A. M. et al. (1995)
EMBO J. 14:1542-15 5 1). A preferred nuclear localization signal to be used for nuclear
targeting of the intracellular antibody chains is the m_:clea.r localization signal of SV40
Large T antigen (see Biocea, S. ef al. (1990) EMBO J. 9:101-108,; Mhashilkar, A. M. et al.
30 (1995) EMBO J. 14:1542-155 1).
To prepare an intracellular antibody expression vector, antibody light and heavy
chain cDNAs encoding antibody chains specific for the target protein of interest, e.g., XBP-
34



al. (1990) EMBQJ. 9:101-108; Werge, T.M et al (1990) FEBS Letters
274:193-198; Carlson, J.R (1993) Proc. Natl. Acad Sci. USA 90: 7427 ;2004
Marasco, WA. et al. (1993) Proc. Nail Acad Sci. USA 90:7889-7893; Bio X
S. et al. (1994) Bi o/ Technol ogy 12:396- 399; Chen, S-Y. et al. (1994) Human

Gene Therapy 5:595-601; Duan, L et al. (1994) Proc. Natl. A A
91: 5075-507WOOMIM7. S-Y. et al. (1994) Proc. Natl. Acad Sci. i%g@ﬁﬂnﬁ%s

91: 5932-5936; Beerli, RR et al. (1994) J. Biol. Chem 269: 23931 23936;

Beerli, RR et al. (1994) Bi ochem Bi_oph Res 66 672;
Mhashi | kar 1mmn,wsdmed,( frompchyb: mdom%?smw?m%% J.He

h hzagégg%ﬁﬁ%ﬂ'lﬁ&%ﬁ“ﬂ%ﬁ% i dniibod ';fééﬁo%ogssz by Jan”

et al.). Top kuiableisibjPétO(ed rabliit, iguat] mouss argtien mammaly with al XBP-dprotkiody, a
reconbi nant expr essi on vector _is prepared whjch encodes the aﬂ%body
chains in alNImROeReR cAR WPR?WW Wf% a cell,

SO kB R S e o,

i ntracel | ul'ar conpart For 1n lon of tranScri pt i on
factor acti Wﬁ&lmmm}m mmjmm@fmﬂh@ampmmw et i on,

Dr anscr i pt i SHeveRb o Pl BREREGSER RomPPRA /cppad el & TN
expr essi on ﬂ?fngody {:lrtﬁﬁﬂﬂgé&ﬁ&dww SorBEloAGAIPIdie Wdktinyiard moVi Ng

fromthe nd heavy C a| n genes those n cI I de uences
t hat encodetechmqm,mhnsﬂnlh)'hym g’é’@ﬁ‘&ﬁ" S’ﬁ&“m
The Nty - COasisite BRARe ek 2l %Z'&;Lﬁ a.*‘%ﬁ%"a@*s’"""'(lg‘?w.%ﬁﬁéca

S. et al. (2800198030Bb! (HehR55:4980-88¥elnerdl.((2976) KNAT 7(5292?I-3 1,(@993}: et EMBO

ﬂuc32a3545a?:§é1w§r@wwr2§ﬁé%gﬁjﬁh%r polegs iy reviliind At ipddy | '

| ocal i zat io SfvelPKERvn ga.eanam |mq:umﬁ Bl{ﬂﬁﬂ:hmﬁdnﬁ&od&ls A Ne90)
glﬁ'rios Nhashi | kartsaé

EMBO J. A -et aI 1542- 15
5 1). To pr él;wwqmlmﬁwloa@el 4'811.&?5’: ﬂﬁ‘%ﬁ%eﬁh’%}' ody

l'i ght d h SGétter bt &1 61

tar getﬁﬁr ot i nt'%w“éegﬁ*% ﬁ%&dj@%m?d‘%%%g%fﬂ\% 01/ 41171@

PCTI | TSOQJ sasawzc Celd Genefi, B,ZBllEBG)thaﬂndm imyortgb¢ell line (tpically pamycinma) is hat
P+ R e P T
(e.g., rabbigreteRiGmimmbpss described abovepamith culhiré supeitiaintsiofsheresilting
hybridoma cells are screened to identify a hybridoma producing a monoclonal antibody that
20 binds specifically to the XBP-1 protein. Any of the many well known protocols used for
fusing Iymphocytes and immortalized cell lines can be applied for the purpose of
generating an anti-XBP-1 protein monoclonal antibody (ses, e.£., G. Galfre et al. (1977)
Nature 266:5 50-52; Gefier et al. Somatic Cell Genet., cited supra; Lemer, Yale J Biol.
Med, cited supra; Kenneth, Monoclonal Antibodies, cited supra). Moreover, the ordinary
25 gkilled artisan will appreciate that there are many variations of such methods which also
would be useful. Typically, the immortal cell line (e.g., a myeloma cell line) is derived
from the same mammalian species as the lymphocytes. For example, murine hybridomas
can be made by fusing lymphocytes from a mouse immunized with an immunogenic
. preparation of the present invention with an immortalized mouse cell line. Preferred
30 immortal cell lines are mouse myeloma cell lines that are sensitive to culture medium
containing hypoxanthine, aminopterin and thymidine ("HAT medium™). Any of a number
of myeloma cell lines may be used as a fusion partner according to standard techniques,
35



I mmunogen. An appropriate i mmunogeni c preparation can contain, for

exanpl es, 5 recombinantly expressed XBP-1 protein or a chemcally 28 SEP 2004
synt hesi zed XBP-| peptide. The preparation can further include an

adj uvant, such as Freund's conplete or inconplete adjuvant, or simlar

I munosti nul at ory conpound Anti body-produci ng cells can be g,gtl.ﬂjgg@gé; om
t he subj ect wWhe1/4938d t o prepare nonocl onal anti bodi es by standar

techni ques, such as the hybridonma technique originally described by

Kohler and MIstein 10 (1975, Nature 256: 49 7) . (see, al so, Brown et al.

(1981) JI mguthe PA-NS1ABAe4d,; megseqs%ar%p?@é@ﬁw@m ef'rﬁ%%%: 4980- 83;

Y eh et al. 976). PNAS 7@ - , tultdte Collt&ion) (ATTC), J Cancer
e s a3 o i asiBica e (50

29: 269-75) ™M uci ng no | onal anti body hybridomas is
vel | known KaeReillesmar diybicaliy, HAT-skissitivetrhouse myletomarceedis are fogaditogeause: A New

Vork 15 ( 15pEp0ce: bnanehEisiyos) (YR ) By bidgeets phisinl i Mefsipt
Cett t al ' sl mGoRfth killsundiskd dhechively fasedi t al
cel | elr_,‘ ﬁe m&gégé%e%%%%@%m’f us_ec}ultlo_ |£p%§%;‘ﬁlgt% Y | rrTmr :
i(mlnggglny-xggdlgxgggﬁsge bove, . and th:ﬂcul tmﬁJZ y b %mlnmprofm §
resulting tapstoraeds H)%%pgmgplés EPQ%WQ%WOB%@W3%‘%EQW ﬁlggbngfr%e a
onocl onal @?ﬁl%ﬂmﬁﬁﬂﬁwwm&ﬁﬁmmmdom Any of

the many we 0 protocols used for fusing |ynphocytes and inmortalized
cel | 1ines amiboties,ag) using & sandetbELISARSY-of generating an anti-XBP-1

proteip nonocl on ant i hod : | fad bd ahondiindl €
266: 51@0- 52; @f%veﬁ.@%gpg%?w&%%ﬁ,%ﬁtﬁg%ﬁ%up?gl;&gler(r)lner, Yal e J
I\B/L ol . NEd,tﬁLﬂbedydwbi&dsizﬁgﬁBE:&anmbM E_ﬁndmndmo_ letsd by sereening ? eaecgmh“ap% FlﬁF:F
reover, e ordinary iJ. ﬁﬁ artisan Hi |1 éa&i's@ ﬁi . are
many vari atF%%‘%‘P"%lt}W‘H?Bﬁ’ €50 uygﬁﬁé us ! pically, the
i mor t al cet‘lutgiﬁ,r}ﬁa thereof ¥ {heoby Gsdldte immagoglabulia libraryimembers thitdinda e
manmal i an speci es a he | ynphocytes. Fqr ex | e, ri ne.h i can
be madet by S@?@Y%Wﬁ$@ﬁ@ﬁﬂi}%m%?§ﬁ%;ﬁwéﬁy% (K)Jga;adrl]! Ct
prepanation_o | ; mibSHERE ibODLS)Blens ogn
Pr ef erl ed 380%‘?%%@{” ce 1%%%&}#}9&% Reth & '

sensitive t Dloc V-@ﬁomwtﬁn Swgig;':: %ﬁmm ELLMEM Eﬁaﬁfi%e
Lsod a5 5 1 AdBiPHaLErmbpiss ot pands Hi fipoyils pRAEAS dialblt TS EEY 00 04
VO 01149717 gefilhig AN AR atitgdy displaybrisgicad bopend i fpzxpopicaluingse  or
P2J0- Ag My el OB S, 51203 409; Kang ef al. International Publication No. WO 92/18619;
20 Dower ef al. International Publication No. WO 91/1727 1; Winter ef al. International
Publication WO 92/20791; Markiand ef al. International Publication No. WO 92/15679;
Breitling ef al. International Publication WO 93/01288; McCafferty et al. International
Pubiication No. WO 92/01047; Garrard et al. International Publication No. WO 92/09690;
Fuchs et al. (199 1) Bio/Technology 9:1370-1372; Hay e al. (1992) Hum Antibod
25 hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-128 1; Griffiths et al. (1993)
EMBO J 12:725-734; Hawkins et al. (1992) J Mol Biol 226:889-896; Clarkson et al. (1991)
Nature 352:624-628; Gram et al. (1992) PNAS 89:3576-3580; Garrad et al. (1991)
Bio/Technology 9:1373-1377; Hoogenboom e? al. (1991) Nuc Acid Res 19:4133-4137,
Barbas et al. (1991) PNAS 88:7978-7982; and McCafferty et al. Nature (1990) 348:552-
30 554.
Once a monoclonal antibody of interest specific for XBP-1 has been identified (e.g.,
. cither a hybridoma-derived monoclonal antibody or a recombinant antibody from a
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nyeloma lines are available fromthe American Type Culture Collection
(ATCC), Rockville, M. Typically, HAT-sensitive nouse nyel oma cell g aSEP 2004
fused to nouse splenocytes using polyethylene glycol ("PEG'). Hybridom
cells resulting fromthe fusion 5 are then sel ected usi ng HAT nedi um which

kills unfused and unproductively fused nyelonma cells (unf u%%é Rpgytes
die after seN@OHM'¥hys because they are not transforned). cells

produci ng a nonocl onal anti body that specifically binds the XBP-1 protein
are identified by screening_the hybrldo cul tur uper natants, f.or sych
ant i bodi es combipatorigh Wb’%@%ﬁ“&“ﬂ?‘@ﬁ\“ﬁ%@aw %Biirf@'ﬁ Pﬁ'@q YOEWEAR i ng
monocl onal Mgﬁ feh&dl ﬁ%ﬁww i96lateli Nds
to XBP-1 Céﬁ@%@ | dent&&&héanéf#s%r} ate y screenl ng aoreconbl hant '

conbi nat or iyl suindardrmeleaila biclogy techmiguese For hylaitomat debuyed antivodigs, light pday

If munodl oé“ﬁe%?@gq&tﬁx% Wb RE. Ty cxamols BE PR A °w!§ﬁ"=f={s‘3b%ﬁrec@§%ﬁmlvl i ts
vai bl 6 (e A Py f*ﬁﬁi%;‘“f?ﬁ’%ﬁ’y‘%s‘y‘gf‘%ﬁ%?al 5

No. 27- 94omnaddmgttuh light it heavy ghains cag e recamamed display|pagkage (e-2.Cat al og

anenabl o foibegOdiped diing ge A pSal °1%'}§?%§d§@?%a%§m%p?§°ﬁ?? 5y can

be found i njghk ahd gefddTRim ShichPICR pimersair eDNANibrafy, [#8Bes4@f be Kang et
al. International Publication No. WO 92/18619; 20 Dower e

| nt er nat i orEpavedancdknowain s art\$oo Pxemple; many\gpch %“Q%th%QtMI
PuDl i @t i o n%?.g e? %?gg%él) Sﬁ@fe}u@@ rb{ Br Lmﬁg{ Iolgidd MtkreStu Pl ghcmzh&f‘ Uk, WO

92/ 15 nt et nat1 on Publi cati on V\D 93101288;

McCaf ferty Btpahnentnfﬁedﬂtmﬂd-himaﬂiﬁdnhc@a NIHPublicatiomNep P 3242 andintheyr d et
al. Internaty ona,L Publ i cagl on No 2/.09690; Fuchs et al. (199 1)

Bi ol Technol , ; (1992) Hum Anti bod 25 hybri donas
3:81-85; Huse Etoﬂooﬂt&ﬂwlhe%ﬁwd}eh Gndﬁaﬁybﬂﬂnkgquﬂmdsfmtd:lendmmla (1993)

i\/Bgl J %iggé;o;ﬁépmm\/\kl ngsgéptgl 1995% P %/B Bi 0l 3 226: 388%89%5 Cl ar kson
(I\I33£r iglsgt Rgémfgﬂ%lw &?#{Jb Bar bas et a 3(1?191 91 Elsml\lgbéﬁggagg?gl?ﬂ& andggl)
McCafferty encoding acleaiocalption sigeal f;emeﬁ% ¥ht i body
hyblr Péggsé%%%ﬁ%%%%ﬁ otgg or as?%ﬁngﬁ?&a%ﬂﬁo@oﬁsﬁ l(E;ar%da 36
28SEP2004 \ReHy/ okfifit 7 TREeXpinSSion 38@Fxcan encode an intracellular antibody in one of several
different forms. For example, in one embodiment, the vector encodes fuli-length antibody
20 light and heavy chains such that a full-length antibody is expressed intracellularly. In
another embodiment, the vector encodes a full-length light chain but only the VH/CH I
region of the heavy chain such that a Fab fragment is expressed intracellularly. In the most
preferred embodiment, the vector encodes a single chain antibody (scFv) wherein the
variable regions of the light and heavy chains are linked by a flexible peptide linker (e.g.,
25 (Gly4Ser);) and expressed as a single chain molecule. To inhibit transcription factor

activity in a cell, the expression vector encoding the XBP-1-specific intracellular antibody
is introduced into the cell by standard transfection methods as described hereinbefore.

ifii.  XBP-1-Derived Peptidic Compounds

' In another embodiment, an inhibitory compound of the invention is a peptidic
30  compotnd derived from the XBP-1 amino acid sequence. In particular, the inhibitory
compound comprises a portion of XBP-1 (or a mimetic thereof) that mediates interaction of
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conbinatorial |ibrary, including nonoclonal antibodies to XBP-1 that are
already known in the art), DNAs encoding the light and heavy chai ns7 8fSEPHB04
nonocl onal antibody are isolated by standard nol ecul ar biol ogy techni ques.
For hybridona derived antibodies, |ight and heavy chain cDNAs can be

obt ai ned, for exa Ie by PCR anplification or cDNA library S5psfiSen For
reconbi nant ¥RPIM¥ATes, such as froma phage display library, P?DNA send
encodi ng the |light and heavy chai ns can be recovered fromthe display

Nacl oot 1 o SBlcciBS weetmelpusoch battonr ey "R DG RoRRaRgL,

PCR pri mrsc&ﬁr&eﬁ,w@:yl YhelhfeR@Bos G XBP- 1 Witk RNtagerholekuleWPor exainple, thet

For exanpl e, y sdch sequences are disclosed in Kabat, to E. A , et al.

(1991) Sequpmﬁe%p&ﬁmh@&:ghﬁhﬁ&%ﬂ@&%@%?f Ththetmedigtes U s
Departrrent of Heal t‘g'@aﬂf n.Services, N H Publication No. 91-3242 and in
the "VbaseacHR A %gaﬁence dat abase. Once obtained, the anti body

l'ight and heavy TH@W d@aﬁheimmbnmmmadeanmmnmaﬂymeﬁsbysu on
vect or using standa nmet hods. As di scussed above " t he. eggu?ces

encodi ng t hentioddeing insbithe ¢oéb@epsprs$mqnﬁ@cnorgpﬁ°dm ?‘W"?emved

and sequences encod hgsa‘h;@rh that efico@¢Tthe ¥ftfind-2r g€
T anti gen) Xpgo bﬁ%ﬁe%?%é’%e&flo sequence l@ Jrbl%t{&ef"ther the am no- or .
car boxy fjer qb,atgsgtlﬁcblefmletﬂapnd;fgdsmpmmdd mepvgndcmhsmeémnmu lyatt or
can encode an intracelluylar antibo one gver

For exarrpleaf}l% H@%ﬁ@&?ﬁ@?ﬁmo{m&%&t%ﬂgﬁiﬁﬂgﬁf a’l"ﬁ%&éﬁ] &T B gy 20
l'i ght R@ﬁd&%'ﬂco@lﬁ tHe!pepteded ichin be iriake By chemieasynthesiciusing
intrace IuI a Sfﬂé er enbodi mar?t t he vector enc deﬁF@H{#}’ﬂ&ﬁggth

li ght chai nsmmmmeyudmamwhmqu@gﬁhmhsﬁ zed peRtidsy, ?%‘ﬁ a Fab
fragnent is e essed in Pﬁd&g ﬁgﬁtﬁfegiﬂt@gclg di ment,

t he vector ecﬁggé%gvgn%ty SF%%‘#’E‘Q‘&%U 4"{1&‘0} scFvéﬁ.l erein the \r/(ggl abl e

regi ons of t]f;ﬁsdumghﬁdm&dﬂdeﬁavy chains are linked by a fl eX| bl e peptide

|'i nker (e.g., 25 S e.

i nhibit transcri M{"B& %‘F@,ﬁf?ﬁg'@%ﬁ%‘é‘%ﬂg expreSS| on vegitlor
encodi gg t hexyph- ﬂm&ﬂ?ﬁbfch&nioat contpRithds thst divetdpindiibit XBP+lmcnuuxuoedhibmtb= t he

cell by standard transfection rret hods esgri bed ber |nb

AM 1- Der | veonntwppn(bmmeé%%& &?iﬂ%’gﬁ S ﬁ‘?ﬁ%gﬁ{%ry

conpound of gcpg,niﬂgg% {BERIch e \ﬁﬁs,%mwﬂmmmow om t he XBP-1
equence. I'n partlcul ar,

amno acid s the i nhibitory conpound conprises a
portion of XBP-1 (or a mnetic thereof) that medi ates interaction of 37 2 8
SE P 2009 WD 01/ 4B717 Stimulatory Compound

Since downregulation of XBP-1 activity is associated with decreased hepatocyte
20 growth, plasma cell differentiation and Th2 cell activity, a compound that specifically
stimulates XBP-1 activity can be used to stimulate hepatocyte growth or plasma cell
differentiation or Th2 cell activity. In the stimulatory methods of the invention, a subject is
treated with a stimulatory compound that stimulates expression and/or activity of XBP-1.
The methods of the invention using XBP-1 stimulatory compounds can be used in the
25 treatment of disorders in which hepatocyte growth or plasma cell differentiation or Th2 cell
activity is inhibited, blocked, downregulated or the like. Disorders associated with
decreased hepatocyfe growth that may benefit from the stimulatory methods of the
invention include hepatic injury, hepatic failure due to hepatic disease (e.g., viral infection,
such as hepatitis) and hepatic failure due to hepatic toxins (e.g., cirthosis). Disorders
30 associated with decreased plasma cell differentiation that may benefit from the simulatory
methods of the invention include immunodeficiency disorders characterized by insufficient
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PCT/ USO0I 35674 XBP -1 with a target nol ecule such that contact of XBP-1
with this peptidic conpound conpetitively inhibits the interaction (ﬁfSE)FEm]’l
-1 with the target nol ecul e For exanple, the peptide conpound can bg

desi gned based on the b-Zip region of XBP-1 that nediates interaction of

XBP-1 with c-Fos. 5 The peptidic conpounds of the invention
intracel | ul 094 cel |s by introducing into the cells an ﬁw?

vector encoding the peptide. Such expression vectors can be made by

standard techni ques usi ng_ ol i gonucl eotldes t hat, encqde th no. ,aC| d
sequence OMMYM‘JGGP% Mongoyer the methodsclio ﬁ%&?ﬁé@g

I ntracel | ul @H%@eihu}ghﬂtrggg “ﬂﬁﬁdﬁs a GST
fusion). o?g cr%l ve t(i)‘g?‘&el@ongﬁélan synt hesi n%gt e peptides the
cells, the apépi imtﬁsvdaﬁmbedymmdsgs d!.hmgwaedmmpnbﬁasulseqnsFu@mwmmﬂntds
peptlde synt hesi s technlq Synt hesj ze des can {hen be duced
into cell do ’b%’-m&" ﬁ?)\‘R}I’P‘%ﬁ‘aﬁoﬁ‘e‘:l W&e‘?w \tvmgrm*‘ea epti des
into cglls g Qfeﬁgeh:gﬂiﬂew&é | Jf Thi vElsBeTh2 Edils d ﬁﬁrlmaﬂm; &fiat can
be usgscai to speC|f|c hibit the aBCtIVI %sof an 15 XBP-1 prote?n we

cheni cal cdmﬁmdmwhahmmmcmwk ireablet(diseusgedfurtherbelsv). ¢ he

I nteraction between XBP-l| .and tarqget be

i dentified usi nF2EPlESlsH %ﬁ@%@s r‘g’gf‘“"ﬁﬁﬂ‘gﬁ coﬁ'boﬁngs, as
descri bed ivaceded @ichdiag XBP-1 Bnd Sheniivalageity thepspeciticallyStinndate JIBP- bactivity on

of XBP-1 activity is associated with d creased he ato te

pl asma cel | di f fA peskerresk stismmlatary cpmpoued is anuclels ﬁﬁ'&ﬁ?ﬁﬂlml

speci g4 cal | |1ﬂg11} ofecifel it Hithoduced qh,y,[ﬁﬁ ﬁasfohﬂg{nmﬁepat ocyte
growtpor p aesﬂrgri%l1 ce l?ﬁe%a‘?{&e;@rentlatklon or The cell”activity. In the

sti mul at or yexpedssion of the XBR>-1ipnoteintin the, cells of the sutiect sForexampls, s XBPzl cDNA
stinul atory

The net hods(ﬁgﬂ%)‘ nd,l?te'gﬁi?‘@:ﬁ’ ﬂéﬂ)ﬂées gt )essfﬁﬁ&aﬁgh%&éolﬁn%%ﬁﬁrggﬁo%e used

in the 25 twwmmmmmmwmk@mmwm cel |

differentiation_or Th2 cel is inhibit bI ocke wnr equl at ed

or the Iikel ﬂ@grlo'émg &%PM E’e ?‘é‘@? hat

nmay bg eflt zu}s* a&h@NAuuﬁmlmmmbw hepatlc
ai | ure 0

I nj ury, hepat 1 c

hepati c d| sease ég VI raI J nfEﬁER such
as hepat i t i ssuences bEXBP: ccBMAigkeown in the,ar aghean hosi s).

Di sorders 3 ]&ﬁ%&iiw?ﬂl ﬂﬁwdr%fﬂgdwﬁ may
benefit frd&lﬁﬁé Sl mﬁ‘gt ory ods o e’i nvent |ngn i ncl ude
i mrunodef i cbﬁmbybriﬁiaﬁonlpmbeﬁmtmbemedmmlar@]iﬁ libragsesiggstandgrdSEP 2004

hybridization methods.

20 Following isolation or amplification of XBP-1 cDNA, the DNA fragment is
introduced into a suitable expression vector, as described above. Nucleic acid molecules
encoding XBP-1 in the form suitable for expression of the XBP-1 in a host cell, can be
prepared as described above using nucleotide sequences known in the art. The nucleotide
sequences can be used for the design of PCR primers that allow for amplification of a

25  cDNA by standard PCR methods or for the design of a hybridization probe that can be used
to screen a cDNA library using standard hybridization methods.

Another form of a stimulatory compound for stimulating expression of XBP-1 in a
cell is a chemical compound that specifically stimulates the expression or activity of
endogenous XBP-1 in the eell. Such compounds can be identified using screening assays

30 that select for compounds that stimulate the expression or activity of XBP-1 as described
herein.
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WD 01149117 Pcr | USO0I 35674 anti body producti on Moreover, the nethods for
stinmulating plasma cell differentiation are of general use in the EP 2004
stinmulation of hunoral inmune responses to pathogens in a subject é Z

i nproved anti body responses during vaccination of a subject. Furthernnre

met hods for stinmulating Th2 cell activity nmay be benefici al §#§§&§$55

i nvol vi ng unYemee?1h| 5 cell activity (to thereby shift the S&F Th
| versus Th2 cells to the Th2 pathway) or in disorders in which increased
Th2 cel |l act|V|ty I s desireabl e (dlscussed further belomb Exanples of

stinul atory conp MQM fithe inyentiapfoxpodplating,a

activity. Al ERrRARB BF K PR B dcftin BRE RS nu‘%‘ﬁpé?‘*é‘%%?%ﬁ"m@é‘m%“

encodi ng XBRive. Fot prasticing the méthod ucivxe-bpcoials icah bodttginedfrom a subyeodn;cmhdard )

t he subj ect maformswtablef pressm of , t XBP- | oteln I n
cells of thén%‘b?ﬂseﬂéﬁ fé‘? \?}W‘“PH‘E}P ‘("?‘iﬂqﬁ

XBP- | (:%)NA '
ctor is F’rans ect e ngmﬁﬁ%&ﬁw@tﬁ@%ﬁ?mm PnMeﬂﬁﬂE%r an

t he ve Into ce ng” standard nol ecul ar biol o

0g
techni ques  iStiatigg\iRpitocyab) hepatodyte pistursons cplasner cells,cpigsma, cel presupsiors Bon
using the p ra 5 chaln re ction or by screening an appropriate
CDNA | i brar%z‘gﬁé’rﬁﬁ‘ﬁh 3’?{8&&’51%5%(8 cDNA is known in the art
and can be used f@alstdwedeﬁmﬁ&ha@&ammim@ﬂmﬁmdmbe
anplification of a cDNA by standard PCR met hods or for demg f a
hybri di zat i oasfnainistered taaisubjeet tp dnflucage the gowtbof PFB&?F?‘"& ‘P‘hﬁ‘o

st anda hy. Hﬂ%ﬂjt" L,W GiYei of
XBP- | E?)NA Wﬂ agn‘e%?&gﬁ I'n rogie%%@%nﬁpa sul tgnge exprliedslgtla%irslr%i
vector, as desubjéchespaied én mimbdrdi eitrmdiydstimilging XEBP-1 ety inghodeslls using at he
formswtablefc ressi on of. t XBP- 1.1 0l cell r red
as descri bed“%‘&%“ﬁ&‘ﬂb@ﬁﬁ% @%ﬁ%ﬂ%@&“&”ﬁ%ﬁ“ dff}tleerg@#? QS%B cefié’
nucl eoti de mmﬂﬁs&iﬁwmcmﬁhvﬁm,mmwmmmmmdmm ow

for anplification of a 25 cDNA, by stan dPCR t ho rfort desi gn of
a hybri di zat Fbiechaspaothersubiest tissde ¢prapat the donoy p?b#ﬁ?‘i’%&?f

standang hybpjdther WXBP_ hhﬁ.r:tht)%mfim%nﬁédw ﬁ@iﬁaound for,

stinmul ati ng expressi 1 ina cell is a chenjcal ound t hat
speci fi cal | yhepatogyteaoeB celleork pelisdgivirre with 8 XBR/1 ﬂpdéh“)féh@l SRMDTRSS | i n

gg?e?’?l:‘or c%ﬁuﬂ%@% %%Q%E&@ﬂg gpressmn or acfivity g?&gP as

descri bed hdifférentiaion &Be&Eﬁ&ﬁMu\rﬂy in a subject Upon culture in vitro, the cells can
differentiate in to mature hepatocytes or plasma celis or Th2 cells, respectively, and thus
20 the methods encompass administering this mature hem or plasma cells or Th2 cells
to the subject For administration of cells to a subject, it may be preferable to first remove
residual compounds in the culture from the cells before administering them to the subject.
This can be done for example by gradient centrifugation of the cells or by washing of the
tissue. For further discussion of ex vivo genctic modification of cells followed by
25 readministration to a subject, see also U.S. Patent No. 5,399,346 by W.F. Anderson er al.
In other embodiments, a stimulatory or inhibitory compound is administered to a
subject in vivo, such as administration of hepatocytes directly to the liver site of a subject or
administration of plasma cells into the circulation or lymphoid system of a subject. For
stimulatory or inhibitory agents that comprise nucleic acids (e.g., recombinant expression
30 vectors encoding XBP-1, antisense RNA, intracellular antibodies or XBP-1 -derived
peptides), the compounds can be introduced into cells of a subject using methods known in
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WO 01149717 PCT/ USOQ 35674 The met hod of the invention for nodul ating
aberrant hepatocyte growth or plasma cell differentiation or T cel @28 SEP 2004
subset activity in a subject can be practiced either in vitro or in vivo.
For practicing the method in vitro, cells can be obtained froma subject by
standard nethods and i ncubated (Le., cultured) in vitro w t hpermsowases or y
or inhi bitorYoM#4PBAnd of 5 the invention to stinmulate or inhibit,
respectively, the activity of XBP-1. Methods for isolating hepatocytes ,

hepat ocyte precursors, plas cells, C . Utsahsled it st 1 s), T
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wWith a )MP- | nodRécepor-Meliared DNAdptakarNaked DNA gan Alsa beinmmpducerldnte spisin; o 5

subj ect to thereby nodu] ate t OCYi. I Wik ligand
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Vi tro, jphe Cell el dirfadtisbbphct Tide ToeerampleoWnGuand WepGib¢1A883J Siolplhestm
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centrifugation of the cell t b | h S mid@rialfigfo the Bsm
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plasma cells”info the circulati®on or |ynphoid t em aof B Rdnsf
stinulatory or i nhResiovisusesalefactive rese W&@ﬁﬁ“@‘?’%@‘."ﬁg@(‘g%“f cr
recombi nant_ expLeaShaBy kbl o a FEVIRHRMIRE 4.D. (1990) Blood 2211, A

odi 0 -

I ntracel | ul ar -derived _ peptides), the cogpo nds can be
i nt rodug@d i njeSorbinkmt retrovirus e be-congtrudtes] havingARUCIQBHR SGHEDFES 9 18 2004

incorporated into the retroviral genome. Additionally, portions of the retroviral genome
" can be removed 1o render the retrovirus replication defective. The replication defective
retrovirus is then packaged into virions which can be used to infect a target cell through the
-use of a helper virus by standard techniques. Protocols for producing recombinant
25 retroviruses and for infecting cells in vitro or in vivo with such viruses can be found in
Current Protocols in Molecular Biology, Ausubel, F.M. ef al. (eds.) Greene Publishing
Associates, (1989), Sections 9.10-9.14 and other standard laboratory manuals. Examples of
suitable retroviruses include pLJ, pZIP, pWE and pEM which are well known to those
skilled in the art. Examples of suitable packaging virus lines include yCrip, yCre, y2 and
30 wAm Retroviruses have been used to introduce a variety of genes into many different celi
types, including epithelial cells, endothelial cells, lymphocytes, myoblasts, hepatocytes,
bone marrow cells, in vitro and/or in vivo (see for example Eglitis, er al. (1985) Science
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WO 01149717 P the an for introducing nucleic acid (e.g., DNA) into cells

i n vivo. Exanples of such nethods include: Direct Infection: Naked Wﬂ]ﬂ
be introduced into cells in vivo by directly injecting the DNA i nt(; 4
cells (see e.g., Acsadi et al. (1991) Nature 332:815-818; Wlff 5 et al.
(1990) Science 247:1465-1468). For exanple, a delivery apparatus (e.g., a
"gene gun") wWworgridgjiecting DNA into cells in vivo can be used. PEIUSOMIS674
apparatus is comercially available (e.g., from Bi oRad). Receptor-Mdi at ed
DNA Upt ake: Naked DNA can al so be introduced into cells in vivo by

conpl exi ng 2302139184 398; Baﬁﬁandnduﬂigﬁﬁl(la)sspm-oﬂ Manzrmdvmmssmm to a

ligand 10 ?Jsgi cel | -surf ace, recepto_ (see for exarga and Wi, C H
(1988) JBi 0 erail. 1888) Brpr NashpAcadnSeit Usd 85:8915391 Armmah(lM)

ggr?rplggi t927tf1en$g}cljej§iagf§# gsﬂ:!,;aﬁlgé%gg% %of@lﬁgwmﬁﬁt recep or % at ed
en;:la(r:g]t f)SI 3I88 somadggw ecal(1981) Pratl:g‘ldré téiraddﬁ:fndv.S‘A &&8317&81‘?1?%\:&1{@& o
15 cansoe ueeisBY St %Eénsg%rﬁﬁbm B P985 broer i b 5 A

| ysosones (89?64@?64491@ Fhblan . e(ﬁlg%ﬂ!}?:%ﬁ 547 ¥04ile m Bde USA
88: 8850: CrTstiano ef a 593 VHufanGene Therapy 340 647 i et ol (00D F 3126) .

Ret r ovi r ucedatl. AxsdleSaii USA 89:10892-108%5% H"&#@d\/él?%dbfam?@l 12041064115 8).5.n

gene transf f h D.
(1050 81 oot 15t S6E 15 UL SPGNGCE S0 4t Al 0 Jor B v
having a numppbmdawemms PCT iApplication WOrmeBos Eﬁnd@dﬁ&mlichﬁoﬂwo oviral
geno Addj ortlons of the retrov enome n be .renoved to
enden™ he Ketbien e e romR et Fltivion 1 G 5 R LEoRe

rei mvirus med ma%d/infdi@rtab\eﬁm:eaaﬁambm ehgmb'&fﬁﬁﬁl
throug

target cell use of hel per virus by standard techni ues
Protocol s f mﬂosum@mgwéemﬁhmh Thas, itemaybe pesessary 19 ,stimplgte tlenlmgom af
cell's in vi %‘% “‘F‘ vivo with such viruses can be found in Current
Protocols in ecular Biology , Ausubel, F.M es al. (eds.) Geene
Publ i shi ng Assoddatm(si%)genﬁacbfmﬂeﬁoﬁﬂs@aﬂbe magipolatedsuch thatdar d

O T R i SRR el et Gk R oA F R Sl B

sui tabl e. pagliegtenga bibfnhkﬂ Wticifal lifecdyelte Sey If@rebcanprdBﬁtﬁr evdl. @988)Fio VAM
it orent cdermdipseo16 Horaog Aot B cimee a6 ot peatad gl s,
| ynphocyt es (IM?%E%BQB-I*SSP@M& 8denovied VBciBR deR Ve Rbth the ddendviikis Strail AdoT
in vivo (see for example Eglitis, et al. ( 198d% Sci ence
type 5 d1324 or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are well known to
20 those skilled in the art. Recombinant adenoviruses are advantageous in that they do not
require dividing cells to be effective gene delivery vehicles and can be used to infect a wide
variety of cell types, including airway epithelium (Rosenfeld ef al. (1992) cited supra),
endothelial cells (Lemarchand et al. (1992) Proc. Natl. Acad. Sci. USA 89:6482-6486),
hepatocytes (Herz and Gerard (1993) Proc. Natl. Acad. Sci. USA 90:2812-2816) and
25 muscle cells (Quantin ef al. (1992) Proc. Natl. Acad Sci. USA 89:2581-2584).
Additionaily, introduced adenoviral DNA (and foreign DNA contained therein) is not
integrated into the genome of a host cell but remains episomal, thereby avoiding potential
probiems that can occur as a result of insertional mutagenesis in situations where
introduced DNA becomes integrated into the host genome (e.g., retroviral DNA).
30 Moreover, the carrying capacity of the adenoviral genome for foreign DNA is large (up to 8
kilobases) relative to other gene delivery vectors (Berkner er al. cited supra; Haj-Ahmand
and Graham (1986) J Virol. 57:267). Most replication-defective adenoviral vectors .
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41 2 8 SEP 2004 WD 01/49717 PGINSOO135674 230:1395-1398; Danos and
Mul | i gan (1988) Proc. Nall. Acad Sci. USA 85:6460-6464; WIson et a SEP 2004
(1988) Proc. Natl. Acad Sci. USA 85:3014-3018; Arnentano et at. (19 (9)

Proc. Natl. Acad. Sci. USA 87:6141-6145; Huber et al (199 1) Proc. Natl.
Acad Sci. USA 88:8039-8043; Ferry et al (1991) Proc. Natl SA
88: 8377- 838 1WO MK Mhwy et 5 al. (1991) Science 254: 1802- 1809@&%{%’%5"9
Beusechem et al. (1992) Prot Natl. Acad Sci. USA 89: 7640- 7644 Kay et al.

(1992) Human Gene Therapx 3: 641 t al._(1992) Pr Nat|. Acad
Sci. USA gocurtsndy in usare delted forjal Oalm(ﬁ syirg! El cﬂen'-s P 63, INGH 5 -
U.S. Patenf, %uurﬁal %m &t No. 4,980, 286; PCT Application WO
89/07136; P /kpfl]hl catlon / 8 PCT Application WO 89/05345; and

PCT Applicati on Xé@rb-Assédand ¥irdyes: M:nmmiamdaum(AANémnmﬁygﬂm I
division in der for _the retrOélraI géanorre and. forei gn nuclelc aC|d

i nserted i nBEERtIvE pIys that Tequires, é’mﬁ@ %

i ntrodygce nﬂa#,&\ﬁnﬁ%ﬁfﬁa&m&mﬁaﬁﬁimwﬁdudﬁvewcﬁﬁ rraeﬁmafemee stimlate
replication o the target cell. Adenoviruses he genone of an adenovirus

can be nani M}lzmme&dcﬁfmh&"opmml‘ﬁcmwadé@mm 98258 - 12N e Hds glswoneaf of
t t b t t b
In(r;r (ranraFSI yt :Jgh \’Se‘P';'nFa"fcﬁs:‘ﬂéaq eS’I gé&l{g]ﬁ?)lrgAexanp%édlﬁd% ner %@%ﬁﬂ%@@) Bl 0

'Iléechnic qijgs Fre e i ?gggﬂé ﬁo:‘etfhlm%og ?:beﬂ&&hjplﬁloaﬂ @eaQﬂB%BAmA]BAesp&ndeH

t t t
Rorived 1 oMol RiohdeMEu 15 Saunitki ot ah19H0) F Vor 30330 Ak, o Mol oyl
adenowigr us g@sg%%lvﬁﬂ%z 1958319780 2V @ddis LorthiRinheds it \@\W00base Riks P AV &f | | ed

in the art Reco nant=— adenovi'nrses are advantageous in that thel\‘/%do not

require di vb@lpmémsdmlqaothf Spadefer ¢rogenans ONA is limited to)abautd3kl afAn e
used to inf I um
(Rosenfeld & Wﬁ%%?g,h%p%hél(mﬂgﬁj%% y5 §%§ t al .
&99221 (Prlg(S;B P ﬁsmm ;ADd A 8 zbgglicﬂap d 111\3 I | |

rar [ ca n C s
(Quentin et @W'\%ﬁ@e ER\’Aﬁg’%Esi“} g‘f@%’fo?ggp%sﬁgﬁﬂﬁ
Addi tlt Bhal Itwaﬂl ?&%@@b&fcﬂfﬁdwm mmﬁachﬁ@ses)ga?mwmm mzoemosler ei n)
is no integrated into the none, o u
t her eby avoi sk &2 4. ,(]3288)%0 lﬁ"éﬁ?’"!‘ﬁe& ?i.é ﬁé"’aﬁgg&ﬂ ?P’?ffs SIt8l 1.

i nsertional g 9%&1%&%%‘3781@?9 duced DNA becones
integrated i nt oﬁfﬁ?ggﬁoétﬂgle%(;?m ., I ®trovi ra(lg DNA} L 30 Moreover, the

carrying capaci t)?fhsfefﬁ':tawaﬂe IWW‘@TW@@%W@W up to
8t obase Shplef! iid i d Gl B¢ oREAE 7 biak B afR6AcH o) LB in B .-
20 For example, DNA introduced into a cell can be detected by a filter hybridization technique
(e.g., Southem blotting) and RNA produced by transcription of introduced DNA can be
detected, for example, by Northern blotting, RNase protection or reverse transcriptase-
polymerase chain reaction (RT-PCR). The gene product can be detected by an appropriate
assay, for example by immunological detection of a produced protein, such as with a
25 specific antibody, or by a functional assay to detect a functional activity of the gene
product, such as an enzymatic assay. ‘
If the stimulatory or inhibitory compounds are chemical compounds that modulate
XBP-1 activity, the stimulatory or inhibitory compounds can be administered to a subject
as a pharmaceutical composition. Such compositions typically comprise the stimulatory or
30 inhibitory compounds and a pharmaceutically acceptable carmier. Pharmaceutically
acceptable carriers and methods of administration to a subject are described above.

43



and Graham (1986) J ViroL 57:267). Most replication-defective 20SEP
2004 WO 01/49717 PCTN80e/ 35674 currently in use are deleted for all 2@rSEP 2004
parts of the viral El and E3 genes but retain as nuch as 80% of the
adenoviral genetic material. Adeno-Associ ated Viruses: Adeno -associ ated
virus (AAV) is a naturally occurring defective virus that r FiSparasgat her
virus, such we M adenovirus or a herpes virus, as a 5 helper virus for
efficient replication and a productive life cycle (For a review see

s Al 20 one of  Wikh régan t the mushodn of igvnion p platioe gel st iy |

is also one o

non-di vidin ll.s, Al X hﬁﬁb&ghh fridfidn® N
(see for ex‘gﬁé‘ﬁ &?%qeﬁc{'ﬁb; w&%&%&&g&%&& . Biol. 7 349-3
56; Samul skiy %&%gbnslha%bdmdﬁﬂrﬂiﬂaﬁdeﬁﬂ&bemﬁﬁﬁmua@@ﬂﬂw they| |

10 (1989) J \/ raI 63 1973) Vect ors .cont ai as 300
base pairs typeofikesponse mounted in the Hmaltc%ﬁf E‘QF‘&{}%‘?‘Q?%% t(S)‘grn?exogenous

DNA is lim &@{ﬂfo@@}ﬂeﬂ%&%thsmﬁﬁltbhaéhdimibed i n
Trat schin e%"pg‘lca(ﬁf’ﬁggg')t“ﬁw@‘nﬁg oG 5. 3251- 3260 can be used to

i ntroduce Diéchibédindatther.dethilbelovet y of nucl ei ¢ aci ds have been introduced
into different cell types using AAV vectors (see for exanple Hennonat et

al. (1984) Proc 15 Natl. Acrd Sri. USA 81:6466-6470; Tratschin et aL
(1985) Mol. lﬁ‘gd es4: 2072-2081; Wondisford et al. (1988) Mol .

Endocri nol . Tratschl n et al. (1984) J Vi r ol 1:611-
Flotte et al. (19vq&)rgxdargmedm@déhm ‘E%P?Fa‘&%‘“g&?%

partic I ar ex res ra]]&(giil.mﬂiﬁns,rmd gic acid
into a1 cel | %‘l-@@sgg g%d%?/xg%ﬁmagpg)dappr oaches rout| nely. in the
art 20 For Wby Dhif\ceélls; mﬁh(fadhumumumm@@ﬂw éi'%'&déif agtiygtop o

hybri di zati on techni que Sout her n EN,ﬁ A ,Qy
transcrlptlcﬂfc elils thag %éﬁ &? g&i?ﬁr exanpl e, by Northern

blotting, b&h@hﬂh@dﬁ@mmm Petgrdmglys she ishibitary
reaction ( CR) The gene product can h etecied b

assay, for enahplﬂteo fishe invention|cen ﬁgﬁp&?dt %{d@?.%%{ﬁ?%{:ﬁ& such
as W tE a 25 S’?‘td&lfma ‘11’1 agg%p@dowtdm&mnnbfa
functi hal y O e’ gen uct such as_an_en matl ma& tImft
the sti rruI atpumognmcllgﬁnhnbdm e‘mmblbm agent mache dirgctly bj
modul ate XBP- tiv o I rm%ﬁ&il witharbe
adni ni st eredo’t‘i?nai's{rb ‘lﬁﬁﬁéﬁgp%&eut | ca| 'Ho?d%xglsi{?gtﬁ, Such

CONMposi ti oNsjnhiti t&OﬂW bﬁ@ﬁaﬂmmmwthsrsybqut Nmeqvmmmsxmnds
22?r?efga;$ﬁemq} ically accept }%gl .€, carr %%b%r! 5'@!59' ES,C” e above
20 agentorcellstreatedmﬂnhemhlbltory agcnt to mh1b1t (e.g., desensitize) the allergen-
specific response. The treatment may be further enhanced by administering other Thil-
promoting agents, such as the cytokine IL-12 or antibodies to Th2-associated cytokines
(e.g., anti-IL-4 antibodies), to the allergic subject in amounts sufficient to further stimulate

a Thl-type response.
25
B. Cancer
The expression of Th2-prometing cytokines has been reporied to be elevated in
cancer patients (see e.g., Yamamura, M., et al. (1993) J. Clin. Invest. 91:1005-1010; Pisa,
P., et al. (1992) Proc. Natl. Acad. Sci USA 89:7708-7712) and malignant disease is often
30 associated with a shift from Th1 type responses to Th2 type responses along witha
worsening of the course of the disease. Accordingly, the inhibitory methods of the
_ invention can be used to inhibit the production of Th2-associated cytokines in cancer
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43 2 9 SEP 2004 WD 01149717 PCT/US00135674 Wth regard to the nethods of
the invention for nodulating T cell subset activity by nodulation O&W?ﬂm
activity, nunerous disease conditions associated with a predom nant 0
Th2 -type response have been identified and could benefit from nodul ation

of the type of response nounted in the individual suffering fromthe

di sease condo eme78 Application of the i mmunonodul atory met hBEE

invention to such diseases is described in further detail below A

Al lergies Allergies are nediated through | gE anti bodi es whose production is
regul at ed bypatiéms, ad 8 nmahs toi coyntefactithe Thi seTh2 shifiand kerehytprompte n sngeing Thl

thereby. In allergic reactions, IL-4.is roduce TR 2 11
further sti H?ﬂ’g{‘%gn &W‘P(‘)ﬁmﬂ?hq@ﬁﬂ&rﬁof’%88?§? ‘gﬁ%x%cfl}cég@ls %ﬁ%%%s
that nedi at ¢nililEdithef dir&R Siisiratibn 6f an ifEBito6Aigefit Datkubjespiti tancerldred al so
plays an inportant role in eosinophi | nediated_infl rrggﬁsgry react,j ons.

Accor di ngl y vivoteeatmeritiof celisyobtained finm thsisubipet (28w dhpi o8 &th-ag anhibjtory

inhibit.th ti f - ' 1. i '

B B T e A e A

pat hogeni c. |&Ean&@b&hﬂ%iﬁﬁeﬁd§b&ﬁﬂﬁﬂmmﬂ1mwhhrmﬁﬂyuﬁ)ﬂ?m'lﬁ T )

d t d to the subject or cells (e.qg., cel, or .cells) m

be. obt ai ned anHibpdietie Tutgeeesisted HHRRRS At L 2Rt B e BHRIFENE, )i o,

and r eadm nj &%ﬁfﬁdﬁeﬂt?@ﬁﬁﬂ&mﬁﬁﬁmwgﬁﬁ?%mgﬁbrﬁ@”ai n situations it may
to coa

be beneficia mnister to the subject the allergen together with the
i nhibitory 20 agent or cells treated with the inhibitory agent to inhibit

(e.g.,,desensitize), t.he allerqgen- specific response. The treatnent nay be
furtheF‘(’jenhanced (g){"jfﬁﬂ?'ﬁié' ee&fsng other Thl- promoting agents, such as the

cytoldne 1L-12 UI'he&B(?mhﬂ gh 6S Th profidting spokinkealss kasobeen esport¢dtogngreasat i - | L- 4
antibodies), to the allergic, subject i.n_apou Sufficient to. further. .
stimulate SUring avanetyyofdatsrtiqus dissasgs, "@‘Hg& fﬁ‘ﬁé“é&‘b‘?"eb@f’%‘ﬁ%@ lensfnmamasls,
Th2- pr ondt | NGpistosbiidsRCRlaRaPndAfifdle ieQdnead iRteRMaPhanRbdinfettiot@ECES.;

patients (see e.g., Yamanura, M, et al &1993 J Chin, Invg%tl., ]
91: 1005- 10105hepresG. Mpand Glerigl, M. (1993) Prag: Gaemnmmunok 42 1<13; Clegigh M and

rom TP typSp AR Gri B83) iilyaiilng TolarLd.07 1 FIECK, S AYSLn® ot the
course of t h23936 K33l ockslep RliMgind Scothd. i HAZh Inmmuyonaeesiiolpgy dpdanisAS8-A6l;
Pearce, E. J., et al. (1991) J. Exp. Med. 173:159-166; Grzych, J-M., et al. (1991) J.
Immunol. 141:1322-1327; Kullberg, M. C., et al. (1992) J. Jmmunol. 148:3264-3270;
Bancroft, A. J., et al. (1993) J. Immunol. 150:1395-1402; Peariman, E., et al. (1993) Infect.
20 Jmmun. 61:1105-1112; Else, K. J., et al. (1994) J. Exp. Med. 179:347-351) and such
infectious diseases are also associated with a Th1 to Th2 shift in the immune response.
Accordingly, the inhibitory methods of the invention can be used to inhibit the production
of Th2-associated cytokines in subjects with infectious diseases, as a means to counteract
the Th1 to Th2 shift and thereby promote an ongoing Th1 response in the patients %o
25 ameliorate the course of the infection. The inhibitory method can involve either direct
administration of an inhibitory agent to a subject with an infectious disease or ex vivo
treatment of cells obtained from the subject (e. g Thp or Th2 cells) with an inhibitory ageat
followed by readministration of the cells to the subject. The treatment may be further
enhanced by administering other Th1-promoting agents, such as the cytokine IL-12 or
30 antibodies to Th2-associated cytokines (e.g., anti-IL-4 antibodies), to the recipient in
amounts sufficient to further stimulate a Thl-type response.
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I nvention can be used to inhibit the production of Th2-associ ated cyt oki nes
I n cancer 44 28SEP2004 WO 01/ 44717 PCT/ US00135674 patients, as a E%%Pﬂmi
counteract the Th 1 to T h2 shift and thereby pronote an ongoing Th
response in the patients to aneliorate the course of the disease. The

i nhi bitory method can involve either direct adm nistration of an

i nhibitory agewiasm7a subject with cancer or ex vivo treat mBFTGH0EHM g
obtained fromthe subject (e.g., Thp or Th2 cells) with an inhibitory 5
agent followed by readm nisttation of the cells to the subject. The
treatnment may b, iurdimmiune Diseasesed by administering other Thl -pronoting

agents, such as the eyt oknne I .L- ant i baqdi es 0 Th ssogi at ed
cytokines (e.g. The aE°1'Y!F' Bé‘i‘Fé%‘Tn“?rb f‘bﬁ}”?ﬁ’t%lﬁaﬂ unt s
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i nfectjon, tubercylosis, ,lei shmanl h I nerrat ode
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erici, Nhvdivedi hdpelblo Q\ﬁfﬂwalﬁwéw'Modiﬂm&ﬁnﬂﬁ‘héﬂmw rcsﬂdnsacbaﬁ!iave

Shearer, G M (1993)" | munol ogy Today 14:107-111, FauC| S 988

Sci ence  23@refensaathe cours okihe antpimmyne diseass. fior exgmp &1’99‘%?"““

I m‘runo ara toI Q tadidi
173: 1SI i}?}?ﬁﬁi‘iﬁ?ﬁm&gﬁ“?ﬁe’fﬂf@ﬁ‘?ﬁ n-nsler?r?runolm. 14130{%1‘%24%27
Kul | berg, Mhe fine of thedhdudiibAdPihe diseaserdiminished the ig@ssity3d g autoimmyme disease.  J .

50 T ki WL aet eb A1 gell 7638125 felifhoors, secflerfof k hrigikls rdth °C*
179: 347- 35]1%“ %ﬁbm@ﬁgﬁﬁtﬂﬁmﬁﬁ“ ﬂém@&lﬁoﬁm”?mtmma Tgl
of tEEZ. PV cevidephedt by b iBCOSD f% gsngmequm"‘” KSthtS: dnet aby ?_%J"éé%%“’ )
tCKteOTlhlnefoI %‘Lﬁée‘%ﬁ)%&*@?g%y promtgﬁ@z&gngm ng Thi r?s%%ﬁw(ﬁgt

patients t O(Cﬂﬁnﬁtﬂieéu 2lr (A994)t Imenupiny t 347-354);. (Sanderstialation of pdh2Aypegesponge et hod

Ciibj o0S wi { TIPS ApERD S STa phud il Qm b RO DTAPRpARER) il |,

from the s u{ﬁtﬁﬁumae Gcierofisitfop whith EAR islaxhodul) ik likelyito hé béreficial thempeutically.

fol | owed byreadmnlstratlono cells tothe s
may be further W#lﬂﬁb’eﬁ?”ﬁ‘}l HPHTSRANTR 2 WR&P%%#D’PLF%Q@W such

as the cyto 231 mﬁaﬁmm'mmaméahﬁmwmmmmm(mh(e g.,
anti -1L-4 anti odle to the recipient in . anou su f:fuﬁ'ent fofurther
stinul ate aprdmmwmmventsordelaysonsetoﬁype cﬁabetes

20 develops in these mice (Rapoport, M. J., et al. (1993) J. Exp. Med. 178:87-99). Thus,
stimulation of a Th2 response in a subject suffering from or susceptible to diabetes may
ameliorate the effects of the disease or inhibit the onset of the disease.

Yet another autoimmune disease in which stimulation of a Th2-type response may
be beneficial is rheumatoid arthritis (RA). Studies have shown that patients with

25 rheumatoid arthritis have predominantly Thl cells in synovial tissue (Simon, A. K., et al.,
(1994) Proc. Natl. Acad. Sci USA 91:8562-8566). By stimulating a Th2 response in a
subject with RA, the detrimental Th} response can be concomitantly downmodulated to

thereby ameliorate the effects of the disease.
Accordingly; the stimulatory methods of the invention can be used to stimulate
30 production of Th2-associated cytokines in subjects suffering from, or susceptible to, an
autoimmune disease in which a Th2-type response is beneficial to the course of the disease. -
The stimulatory method can involve either direct administration of a stimulatory agent to
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45 2 8 SEP 2004 WO 01/49717 PCT/USOQJ3567 4 D. Autoi nmmune Di seases The
stinul atory nethods of the invention can be used therapeutically in LE%EP 2004
treatment of autoi Mmune diseases that are associated with a Th2-ty
dysfinmetion . Many autoi nmune di sorders are the result of inappropr| ate
activation of T cel I's that are reactive 5 against self tissue and that
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pat hol ogy o e di seases. Mdul ation of T hel per-type responses can have
an effect on the course of the autoi mune di sease. For exanple, in
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., et al 1355- 1364 Mbr eover, T cells that can
suppreSs Eﬁﬁbﬂemnmhmuib&:ﬁmtmﬁmhgnmma%mmm%t aI (1994)

| munity 1:147- Since stinulati nof I has
a protective eff &P“’éﬁﬁﬁ% QUG PRE s‘%ﬁ?%%%ﬁ‘g‘?f'g %W(g‘% in
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osponse)  prRbE PR bR AEREC TRl aE il b kel ittty S ATy T

devel ops i na ThEpRmttR dytdkiseesst, IFNLy) & the stbjedt in irho@B) sufficientto furthst
178:87-99). Thus, stinulation of a Th2 response in a subject suffering
from or suswmmmﬁg' may aneliorate the effects of the disease

or inhibit the %@'m‘iﬁ’%pe reWM@%@WW@M

whi ch stinul ation of be benefjcial jis. rheunntoid

arthritis (@Agribetaniinakmbdaleofdivenan diseases g EAERs gimadebof multiplescicrogis and
thritis hay do f HemaPinGBds of hudhn, €t

o (190aeRigDS mﬁ%odélf@é%@@éﬁ@ﬁaﬁ%ﬁ?ﬂum Shils of huckan, ©

resporse | nawoimmimhediseasts, [Suk\anitrdabmodels invide she mHpylpspovsseas bfor

concomtant downr nodul at ed to,, ther a kora
di sease. Fﬂ%‘“‘?ﬂé H?Wﬁ%ﬂ&ggnﬁanﬁdcﬂveﬁl sl » Ee Used

to stiml at 8nd RRriRE einedithl ﬁfyaihanagmsl(ﬁemumct Reindanmeriral Ismbinelogs,
suffering f %mn (P?lresss %Iseswe Lrlkl,)|19es9t 8]) 840-856) A modulatory (i.e., stimulatory or inhibitory)
agent of the invention is administered to test animals and the course of the disease in the
20 test animals is then monitored by the standard methods for the particular model being used.
Effectiveness of the modulatory agent is evidenced by amelioration of the disease condition
in animals treated with the agent as compared to untreated animals (or animals treated with
a control agent).
Non-limiting examples of autoimmune diseases and disorders having an
25  autoimmune component that may be treated according to the invention include diabetes
mellitus, arthritis (including rtheumatoid arthritis, juvenile rheumatoid arthritis,
osteoarthritis, psoriatic arthritis), multiple sclerosis, myasthenia gravis, systemic lupus
erythematosis, autoimmune thyroiditis, dermatitis (including atopic dermatitis and
eczematous dermatitis), psoriasis, Sjogren's Syndrome, including keratoconjunctivitis sicca
30 secondary to Sjogren's Syndrome, alopecia areata, allergic responses due to arthropod bite
reactions, Crohn's disease, aphthous ulcer, iritis, conjunctivitis, keratoconjunctivitis,
ulcerative colitis, asthma, allergic asthma, cutaneous lupus erythematosus, scleroderma,
47




aut oi nmune di sease in which a Th2-type response is beneficial to the course
of the disease. The stinulatory nethod can involve either direct

adm nistration of a stinulatory agent to 46 28SEP2004 WO 01149717 235? 7004
PCTN504135674 the subject or ex vivo treatnment of cells obtained fromt
subject (e.g., Thp, Thl cells, B cells, non lynphoid cells) with a
stimul at or y agenieaf0l | oned by readminisiration of the cell BCTB/SPHIE6T4
subj ect. The treatnment nay be further enhanced by adm ni stering other Th2-
pronoti ng agents, such as IL 4 |tself or antibodies to Thl-associated
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Ef f ecti veness of the nodul at or v SBREY mfant he
di sease condwve gpph ‘Wdam@ Zﬁ %P%F&ﬁgg‘gﬁgﬁas corr%i;tra Eléatao :
unt reat ed anf¥Bksohst inFRifR]ettidd. Rorestambleigraft acanptanct hasdrern )!Ssomwdl‘?lﬂi ting
exanpl es of autormune "di seases and di sorders.havi an Wg@l
conponknt ttm&uﬁaynbﬁam Fﬁ’g" %"é 93%1?% sog e di abet es
mel litus, arthiidios ofh il Hilbife ptRTRCOE A Takéticht, Toet d.(Y99T) Reandplantadioni
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cytokine phenotype prolongs skin graﬁ survival (1994) Int. Immuno
20 6:855-862) and reduces graft-versus-host discase (Fowler, D. H. et al. (1994) Blood
$4:3540-3549; Fowler, D. H. et al. (1994) Prog. Clin. Biol. Res. 389:533-540). Sull
further, administration of IL-4, which promotes Th2 differentiation, prolongs cardiac
allograft survival (Levy, A. E. and Alexander, J. W. (1995) Transplantation 60:405-406),
whereas administration of IL-12 in combination with anti-IL-10 antibodies, which
25 promotes Thl differentiation, enhances skin allograft rejection (Gorczynski, R- M. et al.
(1995) Transplantation 60:1337-1341).

Accordingly, the stimulatory methods of the invention can be used to stimulate
produétion of Th2-associated cytokines in transplant recipients to prolong survival of the
graft. The stimulatory methods can be used both in solid organ transplantation and in bone

30 marrow transplantation (e.g., to inhibit grafi-versus-host disease). The stimulatory method
can involve either direct administration of a stimulatory agent to the transplant recipient or
ex vivo treatment of cells obtained from the subject (e.g., Thp, Thl cells, B celis, non-
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30 secondary to Sjogren's Syndrome, alopecia areata, allergic responses

due to arthropod bite reactions, Crobn' s disease, aphthous ulcer, %EP 2004
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rej ection has been associ at ed W|th roducti on of . attern
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further adm ni st on of IL- h pronotes Th2
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conbination with anti- IL-10 anti bodi.es, which 25 pranotes

differenti a@ﬂ@nﬂmﬁaﬂ@w 9/anRutgend] interest ( f%y@éf"i’?ﬁ?’mm@}‘@?ﬁg@"f‘nﬂ.gw et
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nmet hods of the |nvent |rgn can to stinulate production of T132
associ ated Thitrespionsstoithe antigas i e subjess siceTh3 respopses pYilesdtcient A celfibelm o

and promote IgG] production. Alternatively, to promote a cellular immune response to an

20 antigen of interest, the antigen and an inhibitory agent of the invention can be
coadministered to a subject to promote a Thi response to timmantigen in a subject, since
Th responses favor the development of cell-mediated immunc responses (e.g., delayed
hypersensitivity responses). The antigen of interest and the modulatory agent can be
formulated together into a single pharmaceutical composition or in separate compositions.

25 In a preferred embodiment, the antigen of interest and the modulatory agent are
administered simultaneously to the subject. Alternatively, in certain situations it may be
desirable to administer the antigen first and then the modulatory agent or vice versa (for
example, in the case of an antigen that naturally evokes a Thl response, it may be
beneficial to first administer the antigen alone to stimulate a Thl response and then

30 administer a stimulatory agent, alone or together with a boost of antigen, to shift the
immune response to a Th2 response).
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graft- The stinulatory nethods. can be used both in solid organ
transplantation and in bone 30 marrow transplantation (e.g., to inhi ziﬂtSEP 2004
graft-versus-host disease). The stinmulatory method can involve eithér

direct admnistration of a stimulatory agent to the transplant recipient or
ex vivo treatnent of cells obtained fromthe subject (e.g., Th Thi
cells, B celiweoiaon48 2 8 SEP. 2004 WD 01/ 49717 PCTI USOOL3567RCTUSMRSET4
cells) with a stinmulatory agent followed by readmnistration of the cells
to the subject. The treatnment may be further enhanced by adm nistering

ot her Th2- pHQWDtD%oMSazs such as IL-4 itself or antibodies to
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further stimul até‘ﬂ‘wﬂ‘i%é‘“’r'@% W%%@HH?#%@&&A g‘*"i&éﬂ‘%?ng
di sease sit yabl@ngecolilfed WithHbeirat %rowthaﬂwor plisvendellafiffeeaiation e
useful for other purposes. For exa e stinmulatory nethods of the
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net hods o d‘fgve 89?&%1 CelP R i vacci nations to promote either

a Thl or a an an lgen of I'nterest in a_ subject. That,is,
the agents of thgp) nvenMpQﬁng:amrasmn@fXBPaHManpﬁsm@ﬂ!hlﬁbﬂam@hﬂ’ﬂ%ﬂé 15

response to a vaccine either a M res A&m{& m
exanpl e, to@!ﬁ?ﬂ?‘é@g L&Hﬁﬁ‘ﬁﬁw ant 1 ge I nter est -{
e., for vacefldghbRNadtivigonfs)  the antlgen and a stimul atory agent of the

I nvention can be coadm nistered to_a subJ ect, to prono a .Th2 res Qpse to
the antigen in tHe) sutﬂ-lmosmsﬂmsé‘ &E‘"@F %el |

hel p and pregptie, Icgﬁas't gﬁlﬁ M@qgé%gm to pronote a cel lul ar
ant gen

| mmune response to an |nterest the antigen and an inhj bltory
agent of the mvél’ﬁe‘tnhanprmbaptemﬁ)m&tl mﬂspﬁthasybmflé&b?é @By

dovel obfent SrbgLin bR BIFLe e stithel $BEh ool fifi subiloy38RARAR deita vy e
hyper sensi t i asiping RvEIR oS XBP-1 RN A for gampid, by isotating cellsfiom tke subitat andor y
o7 i Separ oueugEd et 3 | RN pBrERPE e whsR T fidaf e 8 aRn, 2"
interest andigde a@ﬂbﬂuﬁﬁ:@'ﬂomloﬁxﬁlysﬁ,mﬁmeﬂpm ansdymising i gity he
subject. Alternatively, i'n certain S|tut|ons [ abl
admi ni st er t hybridizatigas Altemativeliy thejeyel P Qf% géﬂa?f?‘s t{bﬁsﬁe\}’é"ﬂa
(for 20 be detected by assaying levels of XBP-1 protein, for example, by isolating cells from the
subject and determining the level of XBP-1 protein expression by standard methods known
in the art, including Westem blot analysis, immunoprecipitations, enzyme linked
. immunosorbent assays (ELISAs) and immunofluorescence.
In another embodiment, a change in expression of XBP-1 in cells of the subject
25 result from one or more mﬁtaﬁons (i.e., alterations from wildtype) in the XBP-1 gene and
mRNA leading to one or more mutations (i.e., alterations from wildtype) in the XBP-1
amino acid sequence of the XBP-1 protein. In one embodiment, the mutation(s) leads to a
form of XBP-1 with increased activity (e.g., partial or complete constitutive activity). In
another embodimcn.t, the mutation(s) leads to a form of XBP-1 with decreased activity
30 (e.g., partial or complete inactivity). The mutation(s) may change the level of expression of
XBP-1, for example, increasing or decreasing the level of expression of XBP-1 in a subject
with a disorder. Alternatively, the mutation(s) may change the regulation of XBP-1, for
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exanple, in the case of an antigen that naturally evokes a Thl response, it
may be beneficial to first admnister the antigen alone to stinulate ﬁS-EPrEﬂUI
1 response and then 30 adm nister a stinulatory agent, alone or tog%th

with a boost of antigen, to shift the imrune response .to a Th2 response).
49 Z 0 SEP 2004 WO 01/49717 PCT/USCA 35674 111. Diagnostic pA§ sky
anot her aspwoi01/49M& i nvention features a nethod of diagnosing a subject for
a disorder associated with aberrant hepatocyte growth and/or plasna cell
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multiple myeloma or an autoimmune disease associated with pathogenic autoantibody
production, or increased Th2 cell activity (as discussed above).
In another embodiment, the level of expression of XBP-1 in cells of the subject may
20 reduced (i.e., decreased) relative to the control not associated with the disorder or the
subject may express an inactive (partially or completely) mutant form of XBP-1. This
reduced expression level of XBP-1 or expression of an inactive mutant form of XBP-1 can
be used to diagnose a subject for a disorder associated with decreased hepatocyte growth,
such as hepatic injury, hepatic disease (e.g., viral infection) or hepatic toxicity (e.g.,
25 cirthosis) or decreased plasma cell differentiation, such as immunodeficiency disorders
characterized by insufficient antibody production, or decreased Th2 cell activity and/or
increased Thi cell activity (as discussed above).

IV.  Kits of the Invention

30 Another aspect of the invention pertains to kits for carrying out the screening
assays, modulatory methods or diagnostic assays of the invention. For example, a kit for
camrying out a screening assay of the invention can include an XBP-1 -containing indicator

51




am no acid sequence of the XBP-1 protein. In one enbodi nent, the

mutation(s) leads to a formof XBP-1 with increased activity (9-9-’tZBSEP2004
partial or conplete constitutive activity). In another enbodi nent, the
nmutation(s) leads to a formof )MP-1 with decreased activity 30 (e.g.,

partial or conplete inactivity). The nutation(s) may change t f
expression WOOMMNIT for exanple, increasing or decreasing tﬁé’b%“@f

expression of XBP-1 in a subject wth a disorder. Alternatively, the
mut ati on(s) may change the regulation of XBP-1, for 50 2 8 > 2004 MO
01/ 49717 pOTNRGRIDBSBEMsSRnAerEInIg har%%‘hg%‘é@%’ %%ﬁ%%t ant

XBP-1 with t P- .. | | : ' am no
acid sequen%@goq'g'; éﬁ&%ﬁ"ﬁ@ﬁﬁ“ﬁ%‘wﬁﬁ ﬂ%ﬁ%%&gﬁg%@gﬁ?@gﬁﬁﬁﬁe? for
anal ysi s ofh%m:p(e growtheind/a phismacel diffeventinienphdor brelDhseactipitthed.nih2
sequenci ng, LP anal ysi s, .and anal ysi.s of si.ngl e nucl eqti r ) acid
5 gol yr no?pﬁr@ﬁﬂ? sz'&ﬂ’@f @F?‘@@%ﬁﬁ%ﬁ%’ﬂ’?,ﬁ“‘t j 5%%%@pis§%5§g§§£ﬂla g%f |
conducked Ohednfinfib %xgﬂkhﬁ@ %Pgl aEERcEls, Bithnofer detsuislinghepaiocht gt ©

or a tissue sectl r exa , fireeze-dried or fresh frozen section

of tissue renbvesladmocelkdiffeteptiation antlier Tresliisubsctagstivity (g Th? paokisge| of

expression of XBP-1 in.cells of the bj 1 de a3 | ' I ng
an appropri HF’@“F‘FW%I‘FB%WME?{F%?EC%@%@ ngfygﬁra I 0 gﬁ@?ﬂgwﬁ#? -1
anti body. | gnfgepiadhe Sé & Nerentistion dr Todellaubseesaivity. of XBP-1 in.cells of
the test subject” may be elevated (j.e., increased)_.relative tomtog'ﬁ control

not associ ated win _nnqﬂmembg_émhtbéinb'ﬁ@m%}“ g2 Kb sarrying Quta
const Ut v el e @ds ki inkBididel ke Xit ¥on BRNReCHoF eXarfie) dhdulaiBH- dgentléTithe

el evat’ed expression 1 or expression of a constitutively active
form of ) MPihvehfion Geng. PEBRskinhibitoryi ergtioudatory agenthina suitpble carignandpackaged

associated wth .increased . hepatocyt [ r
carci nom, @SuitRle 8%&%@?@"‘5"3‘1# E‘f’f‘%‘e%\%F %@%ﬁirﬁﬁdgﬁﬁg{g %MSI e
nyel oma  oOr oRswikin@ioFplitma ceil difftentiaticromdisreTicell subsqacthityeni ¢ aut oant i body
production, or increased Th2 . cell activit as. di scussed ahbo .
anot her enbodi merdinothes@spest,ef the)jav ‘%Pi&%‘ﬂ s%%fﬁés\ég%“f%gmm
subj ec{s My geﬁ.qH ey groviiB Gh@oF pldimi e¢IRdiffefentiftidnimd o M oetl subset
associgsted vfnntagat e p| .ordgr%g{)?r the subject may, express an i.nact.l S,
(partial |y cactivignis asubjert Fag kiveanfingludes W‘fﬁ’rw&@ﬁ‘%ftﬁ 5t on
| evel of XBP-1 ar ' ﬁ%?%b VRS e forBEettidhuT XBP-
used to di ag(ﬁ'&'@nél%is%g{)]&zangp%?&g |cs e? assp({?g%ael{j WH?:E,J‘ decreased
hepat ocyt e OF protéin), a somtol as whieh sie resultsj ofthye, subisgtare comparedh aad fnstryctions fory
I nf ection) O&siﬁ‘geﬁ%tcfo} gm Co'sttié/p‘ el

20

V. Cells, Embryos and Animals of the Invention

Another aspect of the invention pertains to isolated XBP-1 deficient cells, embryos
and non-human animals that can be used in the various screening methods of the invention
Preferred XBP-1 deficient cells are hepatocytes, hepatocyte precursors, plasma cells,

25 plasma cell precursors (B cells), T cells and T cell precursors. Preferred non-human
animals, and embryos thereof, are mice. In one embodiment, the invention provides a
homologous recombinant animal comprising a homozygous disruption of its endogenous
XBP-1 gene, due to insertion of exogenous DNA into the gene, wherein this XBP-1 gene
disruption prevents the expression of functional XBP-1 protein and, further, wherein the

30 phenotype of this animal relative to an animal having a functional XBP-1 protein comprises
decreased growth of hepatocytes or decreased differentiation of plasma cells or decrease
production of Th2 cytokines. In another embodiment, the invention provides a
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cell subset activity (e Th t oki ne production) and instructions for
using the I@lﬂracmnmmnoﬁpyefnuﬂilm éefmenhmh%m fithe IENENtiOR 818 asma

cell differ t| at,i.o d/ |1 subset activity. In another enbodi nent,
the inventi Qﬁ'gﬁ Ef"?m?gri carrying out a nodulatory 10 nethod of
t he inventi on. Tﬂ;]gcd(ﬂﬁml] mq)hudwypcfleudswhtmhgr inastero chilieattly defiwipocy isof t he

t , XBP-1 hi bi t at t ta
T Ognéfmmywnpw'erner'egwgra#g depich aama I8 S i oBrgon BP6E .
the nggul at9i éﬂ(ﬁé& ﬁr_&oliﬁﬁfﬁ Séntlofed B H1efilaRB tadherP thisugh ‘@@hing off” of the
and/ or

di ffer enti at | on subset activity. Another_aspect, of the
i nventi on pKBPa] genetio ammlleﬂ@aMbe&g@glmgglamu@Grce@ﬁm liabloepulptogy syptsmy; ¢ 1y

aberrant he e qr h a f J cell
cubser | act Py tetei e Rptiafi MpBRTCALErdngly hELRRALSL MO R

det er mi ni ngummeabmhuﬁfanw whose @dpgmomﬂéfmunsmapcbmﬂﬂmedd’eﬁectl ng
XBP-1 nRNA or an a od r detecti BP- I

whi ch the ré%?ﬂef‘%“s%f\‘?‘h@y‘g’dﬁ}‘ g’r‘%’@gjfﬁog}dx gﬁ:Pg{S?irl{}% gtréﬂ‘?%i;lg u5| ng
the Kifls for cGitRIRA Phdnfier By BOBBScing’ 6k ppr@ﬁiﬂg&geﬁﬂhfchphatmdcr/hnlumlartmh t he

I nventi on Anot her aspect of the inventiQ rtains to is ted

defici ent cepnditionsthe ¥BP-1 aliglesasenony %H#Fﬂ'a‘i"s“ %ﬁ?r} t he

vari ous scr f, LIER ddcRiased b wiBBr blastad tell ent
gg@f-o%n{f%ﬂ&ﬁé e laninllf e Hep& éyté@ﬂ: b

cells are h ytes epatocyte precursors, plasma ce|ls, "
differentiation or Th2 cytokine production. Methods for constructing such “conditional
knockout animals are known in the art, such as, for example, a tetracycline-regulated
20 system for conditional disruption of a gene as described in WO 94/29442 and U.S. Patent
No. 5,650,298.
Another preferred XBP-1 deficient animal is a chimeric animal (e.g., mice)
. produced using a blastocyst complementation system, such as the RAG-2 blastocyst
complementation system, in which a particular organ or organs (e.g., the lymphoid organs)
25 arise from embryonic stem (ES) celis with homozygous mutations of the XBP-1 gene.
Accordingly, the invention provides a non-human chimeric animal in which at least one
organ arises from embryonic stem celis with homozygous mutations of the XBP-1 gene.
The construction and phenotypic characterization of preferred XBP-1 deficient chimeric

non-human animals of the invention are described in detail in Example 2.

30 The XBP-1 -/~ animals of the invention further can be used to create transgenic
animals carrying an XBP-1 transgene that aliows for expression of the XBP-1 transgene in
one or more specific cell types or tissues, such as hepatocytes. Such animals may be of
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25 plasma cell precursors (B cells), T cells and T cell precursors

Preferred non-human aninmals, and enbryos thereof, are mce. In one 28 SEP 1004
enbodi ment, the invention provides a honol ogous reconbi nant ani nal
conprising a honozygous disruption of its endogenous XBP-1 gene,. due to
insertion of exogenous DNA into the gene, wherein this XBP-I gene

di srupti on ¥eyphp t he expression of functional XBP-1 prot eiRCHUSN/3IS6ET4
further, wherein the 30 phenotype of this aninmal relative to an ani nal

having a functional XBP-1 protein conprises decreased growh of
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producti on Th2 cytokines. |In an0ther enbodi nent, the | nvent i, on OVI des
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constructio ﬁﬂ?e fd?qi];@hcc;m .Fye@c]tﬁsl :_;-ggscr gﬁlggpglgf&ﬁ&qg ersiieificdef i ci ent

non- human a e I‘nvention-are detail i'n Exanple 1.
Si nce the )f@ulhtdryebhﬁhﬁlymanlmdﬂ&xtmlbcmediotopntd m&moﬁ\mm&

deficiency is on titutive, anothe ferred. X f|

one in whicf %!g‘rnﬁ s thejnyention ‘6‘515( W@Pﬁ?ﬁq Wé’gg %}’é"“‘% ‘?E{"ﬁ ed
in a regul ajRehdBiniis eﬂd&F&i&Q)&'IPUI gez{w:;qidmcﬂé dubeccommﬁogmwomm
control |l ed manner (e. &Q hr ough use of cont roI I abl e rg&%ﬁﬁé}éﬁszst em
such as thecqlbtsuelcﬁm enﬂesyam@%‘mﬁf

further pro 1“%59 FRAR ebmiprisesah
all el es havé*rgg%n a‘fu nrgfa? w@o exogenous %ﬂ%’ﬁg ch t%ﬁglf%expresm on of the
endogenous XBIP-1 trahigehe that directpuipetssion ofi XBP1bins inastonesall e ns tispyy type in

i nduci ng or s e such that under. at tlons
the XBP-1 aﬁee‘ﬁ’g?ga?é"%%f&? db‘P&ﬁg"% "°§x°;§4r)§€t' ﬁ%nctlgpaﬁ#
protein and whermmaa@ﬁhm%mumﬁwmmnmmﬁw@mmm
plasma cell differentiation or Th2 &ﬁto i ne roduct \'Rﬁh'\ﬁr?a%ﬂg for
const rifct | ngonsrved ag Bpwting oHhe contepisof art,
such as, fmﬁl’(&ﬁ%@m@tﬁ\% ié Al 2 Béte m&u@bﬁtedfwremﬁb.tlonal

di sruption of"a gene as desCribed i'n WO 94/29442 and U.S. Patent No.

5, 650, 298. Another preferred XBP-1 _deficient. aning] i,s a &hl nmeri ¢ ani mal
(e.g., mce)EXAMPLE 1: Production and Characterization of the

Liver Phenotype of XBP-1 Deficient Mice

Disruption of the XBP-1 gene
20 To define the actions of the XBP-1 protein in vivo, the XBP-1 gene was disrupted in
embryonic stem cells by replacing a 0.8 kb ﬁaément containing parts of exons 1 and 2 as
- well as the intervening intron with a neomycin resistance gene, resulting in a frame shift of
the remaining amino acids (as diagrammed in Figure 1). The targeting construct was
generated by cloning the disrupted XBP-1 fragment into the vector pBS/TK, followed by
25 linearization and introduction into D3 ES cells by electroporation. The cells were grown in
neomycin and gancyclovir to achieve positive/negative selection, and resistant clones were
tested for homologous integration of the disrupted XBP-1 fragment by performing
Southern blots of genomic DNA. One of three ES clones which had undergone targeted
disruption of the XBP-1 gene transmitted the disrupted allele to offspring and XBP-1 +/-
30 mice were intercrossed to generate XBP -/- mice, as demonstrated by Southern blot
analysis of genomic DNA from embryos. Northern blot analysis of total cellular RNA
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produced using a bl astocyst conpl enentation system such as the RAG 2
bl ast ocyst conpl enentation system in which a particular organ or ogmg%ﬁe 2004
(e.g., the lynmphoid organs) 25 arise fromenbryonic stem (ES) cells t
honbzygous nutations of the XBP-1 gene. Accordingly, the invention

provi des a non-human chinmeric animal in which at | east one '.;ps
from enbr yoma01g92m cel | s with honbzygous nutati ons of the - e. The
construction and phenotypic characterization of preferred XBP-1 defi ci ent
chimeric non human animals of the invention are descri beﬁgl?n det ai |
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hormozygous Genosymieg:of littesthanested from serial %&df‘ﬁ%‘@“ | ogous

reconbi ”atil%lﬁm %e ¥gn|53,l§fge?nmp.lll,ﬁ ehlbrybschald be h&opridasy il gfdthl gene

of the aninma unct’i o or does not express functional XBP -1
protein butmﬁda&nrpﬂldmlommthMF hWI?»théPecE@%ﬂﬁ/ livers;showg them to

transgene hat d| rects or
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0 ovmngee&m)es i ch shou no onstrued, as ki fid;
iofrcated epp.Thate idficaii (R drate BIRKER 0

contents of€® app |ca2-p§ns

citedqghrou {@,ltﬁemolﬁe&gon are hereby I ncor porated by reference.

EXAIVPLE 1: Production and Characterization of the., Live of, XBP-1
Deficient M ce DBincepeiferal WPP@%@%%@MW%W%EY Eﬁg%ok‘%{ﬁg’&odof t he

(1L B St ey Rt Shesc e e s sondit otcisbon
red blood cell production. Ancmia became evident in XBP-1 -~ embryos 8%s
hematopoiesis switched from the yolk sac to the fetal liver. By E 14.5, the total blood

20 counts of surviving XBP-1 -/~ mice were 20% of the values found in normal littermates.
Cytospin preparations of peripheral blood at E 13.5 revealed that -/ erythroid cells were
predominantly immature, nucleated cells of yolk sac origin, while +/+ erythroid cells were
80% liver-derived nonnucleated cells. Cytospin preparations of E 13.5 liver cells
demonstrated the presence of erythroid and myeloid lincage cells at all stages of maturity in

25 -/- specimens, though in reduced numbers consistent with the hypoplastic livers.

| To compare the potential of +/+ and /- hematopoietic progenitor cells to develop
into the erythroid and myeloid lineages, in vitro methylcellulose polony assays were
performed using fetal AGM (aorto-gonad mesonephros), yolk sac, or liver as the source of
progenitor cells (Muller et al. 1994, Immunity 1:291-301; Wang et al. 1997, EMBO J.,
30 16:4374-4383). The cultures were performed as described in Wang et al. with cultures

using erythropoietin alone or erythropoietin, IL-1, IL-3, and G-CSF. All three of the
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well as the intervening intron wth a neonycin resistance gene, resultin
in a frame shift of the remaining amino acids (as diagramred in FiBiSeP 2§04
The targeting construct was generated by cloning the disrupted XBP-1
fragment into the vector pBSITK, followed by 25 linearization and
introduction into D3 ES cells by el ectroporation. The cells pegRisoéssemn i n
neonyci n - aY@WMRBYcl ovir to achi eve positivel negative el ection, and
resistant clones were tested for honol ogous integration of the disrupted
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necessary fmmwwamveﬁﬂ%w ‘ﬁgﬁ%ﬁ“&i ogquﬁggl?@g rom@g%glzﬁe timed
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-/- enbryos C recogni zed-by their growth retardation |l e
col oration,wmmwmlwv¢lrofm¥§¢ﬁFmgm fe re WP@(gﬁomed t hem

to be markedly reduced i | 0 € R d}%r@d RBP-bhdéfici@t precarydrst ot al
liver cell k‘é%'ﬂ%? lgﬁé@ﬁ%é%ﬁ%ﬁq??%%a? irgi S‘nasgg;eﬁﬁcqwﬁgt ol g&gﬁ&a'bysi s
of -/- El4. §ciré@r Thérefors aiboughKBRA -defisient¢nabrypnic P 89

space indicating |ess dense p&gki ng ?f 5%%‘%%“%& —{lﬁioﬁtgfﬂ%ﬁw&d to
the control ™ fiyer dg; MetOFE e 9 f’ " becones e main henat opoietic
organqRy E tsf etal blood counts were determ ned to assess whet her
severe |liver hypoplasia correlated with abnormal red bl ood cell

production. Anem a becane evident.in XBP:1 4A- enbryos after El 1.5 as
henat opoi esP@P'éMH‘T@G'W’GrAePﬁQP'VS?W%‘g@" PRGEFetal liver. By E 14.5,

e 00 o0 e Sy Bl g s ooponitng ofssonioteThe
(Gualdi et al. 1996, Genes Dev. 10:1670-1682). AtE10.5, the liver bud of wild-type mice
was found to express high levels of XBP-1 mRNA by in situ hybridization. For in situ

20 hybridization, wild-type embryos were scctioned and probed for XBP-1 as described
(Clauss et al. 1993, Dev. Dynamics 197:146-156). As E10.5 represents a time point before
significant population of the liver by hematopoietic cells, it demonstrates that XBP-1 is
expressed in hepatic parenchymal cells. Northern blotting of RNA also showed high levels
of XBP-1 mRNA in hepatic stromal cell lines and in HepG2 hepatocarcinoma cells. This

25 evidence further supports a role for XBP-1 in liver growth rather than in hematopoietic cell

division and differentiation.

Reduced growth rate and increased apoptosis in XBP-1 -deficient livers
Two mechanisms that account for the severely hypoplastic livers in_XBP-l embryos
were identified: reduced growth rate and increased apoptosis. To directly demonstrate
30 reduced cell growth, mice at day 13.5 of pregnancy were injected with BrdU, and the

. fetuses were harvested and analyzed for BrdU incorporation. Pregnant mice were injected
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Cytospi n preparations of peripheral blood at E 13.5 revealed that -/-
erythroid cells were predomnantly imuature, nucleated cells of yolk sac
origin, while +1+ erythroid cells were 8010 |iver-derived nonnucl eaQdSEP 2004
cells. Cytospin preparations of E 13.5 liver cells denonstrated the
presence of erythroid and nyeloid |ineage cells at all stag ity
in 25 -1- sﬂ@@%ﬁ%ﬁ@? t hough in reduced nunmbers consistent w tht %ﬁﬁhﬁﬁ
hypopl astic livers. To conpare the potential of +/+ and -/- hematopoietic
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Al though -/-.fetal liv |y hypopl astic, sone henatopoietic
stemcells %Bn?ﬁngkaatteeof@p@f%@@é%ag- the potential to give rise to all 5
herat opoi eti ¢ | i Apcgess wasidehtifiedanarphologicsliyoand by TUNERsteiningief BY3.5 ftall
liver. Since the XBP-_ 1 -1- hematopoiefic omu.tie rogeni ells were
able to prdF%r&%WéY@mfﬁF@%t‘ﬁ @lﬁfgﬁlﬁé%ﬁqn ro, the
anem aoseemr%@ﬁﬁ.b@@hmﬁ%wm&a ritk lof bpotiait HeparocytbssERBBORL i C

cel | -aut ononmbus defect These findings were reinforced b &%&E&%Sls of
chi meric i saepless ilnemuasbmhempm!ecb%bﬂmt@?é%ﬁb‘r\yﬁﬁisen elojd  he

RAG 2-deficjent tg ., conplene ' %Ftﬁfamm@g fid %h@é théyi&s @i 2) -
In these an %ﬁ%,g?ﬂ‘énrgol ver@tO?&aEvieggtea nmost exgﬁ%gs? vel y of RA > 2-det i ci ent
cel | ori gi nmyeloid ¥nenge cellst accoutehfop noshefithe apayiaticicels inl -&rlivar samplesh as B-
and T-1ynphocytes from XBP-1-deficient precursors occurred Therefore,

i ver - devel SBhchpaudioayunef BBUE RugleB) O S (0 10 PO Cucion of
hemat qgoi eti ¢ 15Te fertmnsady Aol of ¥BR3 i bverignowthand gons ingictign, pagtial of wi | d
of equt - ondolEREEiga P RFtofp qtmeiOREEln 85 el UL AR,
the liver bpdeRS 10 duksi-if phitstypesad uhddapsestrapidxell division tgie-siatdish thef  XBP- 1
TRNA by I i:-itgilljmlhv)\/rgirgllndcl’fztﬁlé tln%gﬁ wllztglrn llonda% h&jchalopoulos and DeFrances 1997, Science
276:60-66). Among the first steps in this process is the activation of pre-formed
20  transcription factors such as NF-xB or STAT3 (Taub 1996, FASEB J. 10:413-427). These
factors then induce transcription of immediate early genes, many of which encode
transcription factors such as AP- 1, NF-xB, and certain CREB/ATF family members such
as CREB and CREM (Servillo et al. 1998, Genes Dev. 12:3639-3643; Taub 1996, FASEB
J. 10:413-427).
25 The left and candate lobes of the liver were removed from wild-type adult mice.
Remaining liver tissue was harvested in a time course for total RNA isolation Northem
blots were probed with ¢cDNA for XBP-1, C/EBPB, and the control gene B2M. Results of
partial hepatectomies in mice now demonstrate that XB_P-] is an immediate early gene in
this process, induced within 30 minutes of surgery but having a prolonged peak of
30 induction past 16 hours. This time course is similar to the induction of C/EBPB, which
peaks slightly earlier at 14 hours post hepatectomy. It is expected that XBP-1 acts as a
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20 hybridization, wild type enbryos were sectioned and probed for XBP-1 as
described (Clauss et at. 1993, Dev. Dynam cs 197: 146- 156). As Elo.g SEP 2004
represents a tine point before significant population of the liver ;9
henatopoietic cells, it denonstrates that XBP-1 is expressed in hepatic
parenchymal cells. Nort hern bl otti ng of RNA al so showed hi gh Ievelg g{m
XBP-1 nRNA wowaparic stroma | cell lines and in Hep& hep %
cells. This 25 evidence further supports a role for XBP-1 in |iver growh
rather than in hematopoietic cell division and differentiation. Reduced
growt h r at horaedimen 61 kasredimeanobindsi EREAlikééites anikin tummreaulwtbe delayed-
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were injecte and the fetuses were harvested and anal yzed for

Br dU |ncommcapnmfmmhednnbmweoh praieRed 56 2 8 S E P 2004 WO
01/ 49717 PCTI USOOf 35674 |V with 0.3 ml of 50 mg/m BrdU (Sigma) in PBS.
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in XBP-1 1 -/¢ vers irectly denonstra subnor mal te_of growth I n
this organ. Cs&lmnthensTmagnﬂm!nhm&deqmmwo bleg- ‘99’

stai ni ng of fetal. perfor rred using the
Cel | Deat h Q48P JTRISTR )M %ﬁmp{gﬁerl rregw{ s@ﬁ%omﬁ mar kedl y el evat ed
rate of apWCAGMMMMTAGQﬁPT CACTABAGGGAGGCHGIN (SEQ ID NOsd ).
apoptotic ceI | s identified +/ + wer.e gener.a of .th I neage.
St ai ni ng wi e /ér"t'i’éd’é?‘b{l’é“r‘}é!é?é‘? oyt Wg’?"'lfﬁ‘gh ‘}/f)eaﬁtb% ﬁjﬁ&b %eépat ocyt es,
and not  mugL@i H@éﬂ&d&@hﬁ&umtmd-mmrwﬂmprmmpmt To cells
in 4- liver sa es. ATP-1 inductiaon after partlal epat ect.0 5.To
further st uiyprovechybeidizatipn Kipetics, the laheled; aﬁ&?@“ﬁmﬁh@’t%‘é‘#&%ﬁ i al
hepat egct om v f. Wl@g@ﬁaﬂ ™ he
remma Ilvgfé\?evsqﬁmﬁo%%l -Tet ar‘ﬁwriliec?\%)%ﬂe and undergoes rapid cell
di vi si on to(mﬁahalﬂ:a:shse IGA) cbsplgmapromfghﬁ Benteﬁefmlgm%l%w%ays
(M chal opoul os and e
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steps in th pre-
fragmented RNA, 6X SSPE, 0.005% Triton-X-100, and 100 mg/ml herring sperm DNA in

a total volume of 200 pl. Chips were washed, stained with phy_coerythnn-streptavxdm, and
20 read using an Affymetrix GeneChip scanner and accompanying gene expression software.
The software includes algorithms that determine whether a gene is absent or present and
whether the expression level of a gene in the -/- sample was significantly increased or
| decreased relative to the ++ sample.
The genes for al-antitrypsin and a-fetoprotein were found to be expressed at
25 significantly reduced levels in -/~ samples, as also shown in Northern blots of +/+ and -/-
fetal liver mRNA. Both gene products are acute phase proteins synthesized by hepatocytes
and are expressed during development as well as in adult liver. Two other acute phase
proteins, transthytetin and apolipoprotein Al were also found to have decreased levels of
mRNA in -/-livers, while multiple other acute phase proteins and hepatocyte-expressed
30 genes (vitamin D binding protein, C-reactive protein, serum amyloid P, al-acid
glycoprotein, hepatocyte growth factor) 'were expressed equally in +/+ and -/- samples.
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20 transcription factors such as NF-xB or STAT3 (Taub 1996, FASEB J.

10: 413-427). These factors then induce transcription of inmedi ate le?gézp 2004
genes, many of which encode transcription factors such as AP- N

and certain CREBIATF fam |y menbers such as CREB and CREM (Serw 1o et al.
1998, Cenes Dev. 12:3639-3643; Taub 1996, FASEB J. 10:413- 423;)_; 25 !Q

| eft and calMaOW4?7dbes of the |iver were renoved fromwild- t ce.
Remai ning liver tissue was harvested in a tine course for total RNA

i solation. Northern blots were probed with cDNA for)MP-1, C/ EBPI3, and the
control gen®his ndicarsshat XBR-1-deficient hepatogysas bavediefests in the sypthesiafspecific

denonstrat e_t hat H Fﬁﬁ&ml this process, induced
within 30 &%%@“2&@’%‘8@8&{) %@FB%@?%& a prolohged peak of 30 induction
past 16 hours. Tqe aexhbrﬁ&aﬁQﬁtE&&egﬂaﬁbmﬁ thé al antifngpsimprombieo by MBP-L/ thmbiet,
whi ch peaks slightly earlier at 14 hours post hepat ect It is expect ed
that XBP-1 Heasfechenswvery pexfeymed 081418\&373@ mﬁ%@gg}ﬁ or

het er odi mer :ﬁﬁlfm %H)ﬂ]%éhq{n@% ﬁaﬁsdel ayed-
early genes | nvaévegm@& Iver regene t| on T eﬁgecr ased |i verocel I
proliferati endogesousXBP-KRRefexpressomof KBP hchulditransactivate tynwl-.a.nnu?mhe CREB

and CREM |saCRI% gtransr tion.fact i yal I C
proliferat i Bfpmaten ér'é]gql é?% n@ g\‘ﬁ’q’h{? $§L|dent|fy
target ge”eMﬁmPﬂ%ﬂﬂmbﬂc&&@uﬂ ddthe nﬁhiﬁf}ﬁ ofa XBP-ntakget sitezia theaal-t 0

mcroarray chips was conpared in sarrpl es derived fromE13.5 +|l + or :-1-
livers. RNAapktsypsingwomoteticlimingted all Wﬂm@l:?@*wgﬂﬁgﬁq {gteprptgin

guani di ne a rif I gﬁ’@“ en;@gtrﬁgd tal RNA
wer e conver ??89;?{‘&0%%? %ﬁé%&ﬁ% |ng an o o dT pr| fr?;'e‘;utrevlth a T7
RNA pol ynerahatﬁiﬁmlllﬂsa@ecﬁhdn(ﬂm ‘ROTEAbase protein
TCACTATAGGGAGCGG-3") (SEQ ID NGO 1). The cDNA was used directly in an in
vitro trans@&®Sti on reaction in the presence of biotinylated nucl eotides

Bi 0-11- UTP  and ‘rigk phenbtyye 0EXBP- I-Eaﬁﬂbﬁt%ﬂirﬁo Msmmhemwmalmouse

hybr|d| zation kinetics, the | abel ed n1| ense ?NAﬂv;%s] %%A t ed l%yfthe

i ncubati ng aeodels in whichigspe disruptions 5 i’“ﬂﬁ’@& e ptiomr o

Hybr| d ati qQ, mtePbc (s ggﬁ] ﬁﬂon]ﬂﬁ%n}y%uﬂb] wihiang probes
’{rﬁngﬂogl cal | n1il e fpeci

for genes 0 erest or 50 genes with roles in
devel oprrent represenitsrag calicz gnage mrerﬂ@mm)@?nl siepaydHegtsavendt 19bagnent ed

RNA, 6X SSPRe,, 9 325 foHol 762" atndrmh? Rver i dwitihs o8 dHscritieh i AGIISPABRGRR | N
embryos with a phenotype similar to the XBP-1 -/- embryos: loosened liver structure,
enlarged sinusoidal spaces, and dissociation of parenchymal cells (Schmidt er al. 1995,

20 Nature 373:699-702; Uehara et al. 1995, Nature 373:702-705). However, HGF mRNA
levels are normal in XBP-1 -/- embryos. MTF-1 deficiency resulted in a dissociated
hepatic epithelial compartment, enlarged sinusoids, but unlike XBP-1 -/~ embryos, no
significant decrease in liver size and no anemia (Gunes et al. 1998, EMBO J. 17:2846-
2854). Deficiency in c-jun also led to hypoplasia and dissociation of liver cells and death

25 by E15.5, but c-jun mRNA levels were normal in XBP-1 -/- embryos. A small liver can be
the result of abnormal hematopoietic cell proliferation, as described in c-myb-deficient
embryos (Mucenski et al. 1991, Cell 65:677-689), or abnormal erythroid cell proliferation
and diﬁ'erentiaﬁon., as seen in Rb -/- embryos (Lee et al. 1992, Nature 359:288-294; Jacks
et al. 1992, Nature 359:295-300). In contrast, we found normal in vitro proliferative and

30 differentiative function of XBP-1 -/- hematopoietic progenitor cells. The homing of
hematopoietic cells to the liver was the presumed defect in the absence of 1 integrin
(Hirsch er al. 1996, Nature 380:171-175; Faessler er al. 1995, Genes Dev. 9:1896-1908),
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a total volune of 200 1. Chips were washed, stained with
phycoerythrin-streptavidin, and 20 read using an Affynetrix es al gorifﬁlgfgp 004
that determ ne whether a gene is absent or present and whether the
expression level of a gene in the -1- sanple was significantly increased or
decreased relative to the +1+ sanple. The genes for al-antitrypsin and

a- f et opr ot eiyio Ypked;f ound to be expressed at 25 significant|y BEUNEAS4T4vel s
in -1- sanples, as also shown in Northern blots of +1+ and -1- fetal liver
NMRNA Bot h gene products are acute phase proteins synthesized by

hepat oCyt ey RBP-137. 91 ¥heWEE Horstil hBiapuieliopoential an aet-telhbasin Finallyt
l'iver. Two other acute phase proteins, transthy eti{hand gg%g rotein Al
vere al so hmpmisislmshaneibdbdlteﬁséﬁ’et@ﬂw&b'/mr/h 398 41 pf, P20, Nffiyne

mul tiple othe e t el Lyt Nakibe 893$99.302,994
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gl ycopr ot eigpal, fo¥aNafirk g’lggv@mms)r M?U Jlsoneeer icXPPdstembeynsa XBP-l isnot + and
-1- sanples. 58 2°'8 S E'P 2004 01/49717 PCTN 35674 This |ndicates
that BP-| known e actdirestlyjipsseam € ﬂﬁ%ﬁz@“'a'@zfe'g?‘gfsi %‘%%Fﬂg@is@'@g' specific
gene produ %ﬁ rqg.?kﬁgei iofl tb [iRerSEo Wik andievdlopment.
denonstr at g’%‘&@@?‘%%&%oc%ho tsea a -%ﬂtorypsi n_pronot er Bye?xnéP- 1,
transi ent [t isposdilsle thaoXBP-Ivs hepatic parenchymal cells rary hepdefectivg ip theyiabHitpoas i d
and al-antitrypsin. b |uciferase reporter. r .l AER cel |
line. AlthdUgPPT PO ?%@qumgﬂ?g%ﬁ%%g@%ous ifé%& & overe(ﬁaiéb_r essi on
of XBP-1 cquéffified alterad 1eveRlof Bl HGF, ic-ppb,iokit ligadp AML-DyRB, & cfjon th  As
controls for specificity of the BP-1 effect, the use o

f.a franesbibted
XBP-1 expr e$BPdn/-sovhsyes, srkisg these eanps ainfiksly ig bemajeptargets 3#’55?’“@?'!% ?ﬁ f he
al - antitrypsihn i ]%;H' mnated all t ransactivation Transactivation
of an a-fetgg#"d‘fgel?dr’]e? reg rter construct by the XBP-1_ expression plasnd
was al so denonstmsiesd) oundata have iderTified dbuacute phase Profsin genesfapressed in

transcriptional effect qn these t t.e. ot e s f adti€ phase
phenorvpe ofsAene Bl PN BT e e
nodel s in feinsrepreschtslives gens on

Di sruption of the " 15 haonegbox gene H x  resulted jin i.ngti. j:\er

speci AP cat i oxingdultafiey iniumy;fram Wﬁﬁmqyeﬁmng%'ﬁ%gﬁit@#&%r e

severe defe %.m XPhs ¢ FIlEHEbnte iR Bieghaseprorins HaO Been defined inlistail,
10: 70-79). ﬁ%lr% rn1§¥° ﬁ?ev r growt h has been descyribed in HGE/ SE-deficien

ermbryos wi t kuch as ferssrym protdand inhibitien %@l-mm_q_m%mg%m Io?ver
o 1o e PRt Y QR BALOh 1997, . G SpBDS12251208; Gbaaine Hakbsren
1999, New Engl. J. Med. 340:448-454) A reduction in the levels of these acute phase
20 proteins reflects a decreasc in specific hepatocyte protein synthesis, but individually,
deficiency of these genes is not known to result in the defects observed in XBP-1 -deficient
livers. The XBP-1-regulated acute phase protein AFP is highly expressed in fetal liver and
yolk sac and represents one of the earliest phenotypic markers of the fetal liver (Gualdi es
al. 1996, Genes Dev. 10: 1670-1682). It has been speculated that a major function of AFP
25 s to promote cell growth in the liver, possibly by sequestering estrogen, which otherwise
has antiproliferative effects (reviewed by Chen et al. 1997, Crit. Rev. Euk. Gene, Exp. 7:11-
41). AFP levels are very low in adult liver but rise upon liver regeneration and in the
majority of hepatocellular carcinomas. Indeed, AFP was among the first tumor markers to
" be recognized We have demonstrated that in the absence of XBP-1, AFP is expressed only
30 at reduced levels, and that liver growth is severely impaired. Our data establish that XBP-1
is involved in the growth and survival of hepatocytes, and through its regulation of acute
. phase protein genes, also in the expression of liver-specific genes. These studies have
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20 Nature 373:699-702; Uehara et aL 1995, Nature 373:702-705). However,

HG- nRNA levels are normal in XBP-1 -/- enbryos. MIF-1 deficiency 28 SEP 2004
resulted in a dissociated hepatic epithelial conpartnent, enlarged

si nusoi ds, but unlike XBP -1 -/- enbryos, no significant decrease in |liver
size and no anem a (CGenes et al. 1998, EMBO J. 172846- 2854}',. Wﬂ;cy

in c-jun al WY 0&47X70 hypopl asi a and di ssoci ation of |iver cel =4 th

25 by E15.5, but c-jun nRNA |levels were normal in XBP-1 -/- enbryos. A

smal | liver can be the result of abnornmal henatopoietic cell

prol i f er at idempnsstedabatrXBRd direclly eqnivales subselaf thedisr ' proteimrmthetic actiyity) |
1991, Cell 65:677-689). | | ' | d
differenti gpu?mnggmﬁ}g 1 Wb&%ﬁﬁgﬁ&} ﬁgééﬁgs%n%dﬂ)ﬁ%lg—; HN‘%P'ur Zn

359: 288-294; Jacks et al. 1992, Nature 359:295-300}. In contrast, we found
normal in EXAMPLER ferative @cird@erizdtion efithe Rlaswm €ethcti on of XBP-1 -/ -
hemat opoi eti ¢ progenitor cell s Phéthetypeof XNBPoI Deficient Mice ctic cells to the
liver was the presunmed defect in the absence of Rl integrin (H rsch et al.
1996, Nature 380:171-175; Faessler et al. 1995, Genes Dev. 9:1896-1908), 59
2 8 SEP 20WendRftibh4P XBP-1-BefiditMbRAG Badéficibmrichitipdtid mice- | ivers showed nor nal

hemat opoi eti ¢ potential on a per-cell_basis.. Finall Qpt osi s Mhas
contributed to PHePlideBricpey sayses 4 mf‘g‘fmﬁmﬁmgﬂyﬁgﬂgf”'ﬁﬂdﬁ%,

Nat ur e 37%&@' pe10)T eféme%&éf £ i e TR n (PR Eetling ©F XBP-1 dditfencat ur e
373:699-702; %elalz)g)me al . 1995? Nat ure 373:702-705), as was al so seen in

XBP- 1-/ - emgery perforsBi in thesRAGH2 eomplomantationsysten rkistt) epbyonic semoghls Witk se

mul tiple fact hat, are.i . [ . | scdidixppLgt ead
cont ri but es°“§m'a§@°km+‘§?f@%ebs ag?%mm%ng geve (E)lg%ent l){iﬂlﬂ-g

possi bl e t halelodRupted by hompiigons feasmbination | Theadonstrucylelited gafteaftexons i and hei r
ability to _support proliferat.ion of  hematopoigtic rogenitor _cells.

Anal ysi s oflﬁRWQ“W&@WBW%‘PW%MF&?PM’e@EWQ”@? 'fqﬁ?cgﬁﬁ knce &S
c-nyb, C-Ki Leijk withtfhe afitle of XEM pRividusiyUiisrigted EPEeNedmycitgny oftre taisfeowd

these genes unlikely to be nmgjor targets of regulation XBP- .1 ur.i,ng
li ver devel withthetnew ennstuny and selected in YR NGy V- En

P01 1 06" Sty UG O O Pl ST A Tl
| i ver -ISpeci fuddosmofahawiiduype dliele. mmmd& Flegesyverejuincted B/ BAGHrdefician or
toxi s, or  PREPPGTEANmplaRiEa3Biorsflop R SRl midd ¥y SANEH Blnods) TBE O,
been def i negsiMing eicé Were assayd fr lymphaié resonstituiondyd AGS asilysisof pesipheral
Al ANty PR g oroeeioar cells ving G CD3 B RH-BYSF atibodies.
After injection into RAG-2-deficient blastocysts, XBP-1-deficient cells contributed
20 to reconstitution of peripheral blood B- and T-lymphocytes in about half the mice born. In
| these reconstituted animals, XBP-1 -deficient ES cells contributed heavily to lymphoid
organs, variably to heart, lung, kidney and muscles, but minimally to liver, consistent with
the essential role of XBP-1 in hepatocyte development seen in XBP-1 -/~ embryos.
The reconstitution of lymph nodes and spleen in XBP-1/RAG-2-/- animals resulted
25 in normal numbers and percentages of B- and T-lymphocytes in most of the chimeric
animals compared to wild-type 129 control mice. In addition, B lymphocytes from wild-
type and XBP-1/RAG-2 mice had indistinguishable patters of cell surface staining for IgM,
IgD and B220. ; -
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apol i poprotein -A (Andersson 1997, Curr. Opin. LipidoL 8:225-228; Gabay
and Kushner 1999, New Engl. J. Med 340:448-454). A reduction in the b ?Im‘
of these acute phase 20 proteins reflects a decrease in specific hepgl %y
protein synthesis, but individually, deficiency of these genes is not

known to result in the defects observed in XBP-1 -deficient |I|ivers. The
XBP- 1- r egul ay@ g9 € phase protein AFP is highly expressed RGT/YS0567 | ver
and yolk sac and represents one of the earliest phenotypic nmarkers of the
fetal liver (Gualdi et al 1996, CGenes Dev . 10: 1670-1682). It has been
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rﬁconbl nat i oamphe cﬁﬁdpﬁieﬂwgom:)me& rlhmaid ly, aftigencspecific production ofs wel | as
t he |nterven| ng introp, and su tuted a SR Sy egyence.
ES celtPs vvl’E“HIl 1 Was m@#ﬂp&w}?ﬁ@%ﬂr up[]{egﬁgy éEe I\Eorrym n
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bl ast ocyst s |nto pseudopr egnant femal e mce by standard
met hods. Thethey are defective in becoming anti -secreting plasm .

20 In vitro phenotype of XBP-1-deficient B cells
Having identified normal B cell numbers in spleen and lymph nodes yet
functionally defective B cell terminal differentiation in XBP-1 /RAG-2 -/- mice, the
phenotype of B cell activation was investigated in vitro. B cells were stimulated in vitro
with anti-CD40 antibody (1 pg/ml), anti-CD40 plus 1L-4 (10 ng/ml), LPS (20 pg/ml), or
25 LPS plus [L-4 for up to four days. Cell proliferation was the same in XBP-1-deficient and
control samples, asjudged, by equivalent cell counts on days 1 and 4 after culture. In
addition, the B cell populations were activated similarly, as judged by analysis of the cell-
surface activation markers MHC Class 11 and CD69. The in vitro stimuli were also
designed to induce class switch recombination in B cells, e.g., switching to IgG2a and IgE
30 by IL-4, and switching to IgG by anti-CD40 alone. Class switch recombination was
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resulting mce were assayed for |ynphoid reconstitution by FACS analilﬁii %04
peri pheral bl ood nononucl ear cells using anti-CD3 and anti-B22 SEP
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ani mal s QOMATT ci ent ES cells contributed heavil y to | ynphoid organs,
variably to heart, |ung, kidney and muscles, but mnimally to liver,
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(B220+ magn °Terecti on enyl |ote were plated at | x 106
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| L-4 10 LPS . pl . W
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ELI SA, uSi Ngnechhafs hfhstREGDE for thedinipaired irtfuhgpshulin ppetuction by XBR-h-/f Bund at
| ower levels in the XBP-1 -1- sanples conpared to control sanples. Finally,
anti gen- spe®eHs.c production of 15 inununoglobulin was assessed after

I mmuni zation of mce with DNP-al bumin, B cell harvest, and in vitro
stinulggion B%,ﬁsﬁ&{él&n\m&hwmdﬂ_]ﬂ mé\ag.gegmﬁmyf i ¢ inanmunogl obulin
production by X was severely decre sed i n thi,s &Sg’é’f’ The
fi ndi ngs i ndi cat eTQmSSaNhFﬁGUEH sipgdeficientd pellsdpipo ﬁ“B'é'E ate in

normal  NUNbELA. were immunized with DNP-albummanddmnmglymph nod&swereharvestedaﬁcw
days. Histologic analysis demonstrated normal germinal center formation in XBP-1/RAG-
2-/- animals. Th:smdlcalwthatmanyoftheB cell functions assayed in vitro, such as cell
20 proliferation, activation, and class switch recombination, were also intact in vivo.

However, the genetation of plasma cells was severely impaired in XBP-1/RAG-2-/-
animals. Sections of jejunum of XBP-IIRAG—Z_-I- versus control mice showed 70-fold
more plasma cells in the controls. In addition, it was noted that the rare plasma cells seen
in XBP-VRAG-2 -/- animals generally lacked the perinuclear halo, indicating that these

25 cells did not have a large Golgi apparatus and were likely not secreting large amounts of
immunoglobulins.

A further test of 'plasma cell generation was an assay for Syndecan-1-positive cells
in DNP-albumin-immunized mice. Syndecan-1 is a cell surface glycoprotein upregulated
on terminally differentiated plasma cells but absent on mature B cells. As predicted by the

30 Jow level of immunoglobulin production, XBP-1-/- samples did not lead to the production
of significant amounts of Syndecan-1 positive cells, while they were readily detected in the
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they are defective in becom ng anti body-secreting plasma cells. 20 In vitro
phenot ype of XBP-1-deficient B cells Having identified normal B cell Zrmtggpemg
in spleen and | ynph nodes yet functionally defective B cell term nal
differentiation in XBP-1 /RAG 2 -/- mce, the phenotype of B cell
activation was investigated in vitro. B cells were stinulated in vitro
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Furthernore, .in, two, experi ts r ' - by XBP-1 -1- B cells
was t he saﬁf%m%ﬁg‘?%ﬁ%ﬂgaﬂg&é‘rg| eg’i olf ctL % stimulus (LPS, LPS +
IL-4, anti-CD40 or anti-CD40 + 10 IL-4). Therefore, XBP-|I -deficient B
cel |'s are pYBR2@ipresioniaplamaeelisiersemmaoidaymayism activated in vitro to

undergo proliferation, cel] surface ti 1.0 SUPLESSH
switch reconbi na¥BBrl 15 B“E?}F&ﬁ%s%@%@& qssg'fg%[e@rig nlgr na I evg?%ﬂe’ﬁls
Therefore, @&Mfommmrmma B extRinchphigh hevelsgf ABRA mRNAndegl obul i n
production by XBP-1 -/- B_ cells. 15 D m ni she | as cel | ration in
t he absencediséax@Fheunmmtoid athrifis offgesdAsouses Iﬁg‘ﬁgﬂ?‘ﬁ%ﬁ?" g“ﬂ%#?f%’%ﬁ%&"t 0
activating stimuli.inpvic }{Qﬁm vy GRAMEMGtoky ERI infRiktedahb ridihatdib favtor and
dr ai niqﬁg Iy%%gar#gidlgg&v\eret ar \I'/Hggtﬁ%d af toer 9 days. Hstologic nalaém
denonst r at egrodostionl bygelasmaelis. cUsing in sigr hybridization(wiith "IH@I orped USIRG AT s
-(I:_th i ndi ca _es?)e t, g{_n_ J es”%oﬁfthéé‘%n%%'danﬁé{%{»bﬂﬂﬁs SBAYBR A Nandokiséhse probd as
for XBP-1 showed strong hybridization to plasma cells in rheumatoid synovium, while a
sense probe showed no specific hybridization. Serial sections histologically confirmed the
20 identification of the plasma cells. This example shows the high-level expression of XBP-1
in the plasma cell infiltrate of an inflammatory disease.

XBP-1 drives B cell differentiation
The finding of very few plasma celis in XBP-1/RAG-2 -/- mice despite apparently
normal germinal centers locates the primary site of XBP-1 action to the interval between
25 full B cell activation and terminal differentiation. The BCLI-3B3 cell lincis a highly
activated B cell line that can be driven to-an early plasma cell stage by IL-2 plus IL-5
treatment The BCLI-3B3 cell line was obtained from the American Type Culture
Collection and grown according to the supplied protocol. An expression construct
containing XBP-1 and green fluourescent prot:in (GFP) was transfected into this cell line
30 to study its ability to affect the stage of differentiation. Transfection was by electroporation

at 290V, 275 pF in a BioRad electroporator. By FACS analysis, cells overexpressing XBP-
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20 proliferation, activation, and class switch reconbination, were also
intact in vivo. However, the generation of plasm cells was severel EABSEP 7004
inmpaired in XBP -1/RAG 2-/- aninmals. Sections of jejunum of XBP-1/RAG 2-/-
versus control mce showed 70-fold nore plasma cells in the controls. In
addition, it was noted that the rare plasma cells seen in -1 -
ani mal s genwabdi/g971acked t he perinucl ear hal'o, indicating thgﬁ(‘?ﬁg@%‘ﬁ
cells did not have a large Golgi apparatus and were |ikely not secreting

| arge anmobunts of inununoglobulins. A further test of plasnma cel]
gener ati on Mag nantha GER) véctor aﬁ;mdhmeﬂrsjg!poﬁlf@mﬂ@é\mm rflecrease in CD44

Upr equl a1 edevr AR PR ce o SRR oa v s e L O CaRRR B B |

B cells As H&ﬁﬁb&hﬁ%hﬁtﬁé‘ﬁmﬁ@ccﬁ@ﬂbfﬁ&&hﬁhwmﬁaﬁmwl intp BELI 3B oce]ls.
XBP-1-1- sa did not |lead to the_production Mkéﬂ"éﬂt" anount s of
Syndecan- 1 Bmwc‘tar,\kéombdm blotspf activatedbb cm@m@a{'ﬂ‘?‘)ﬁnﬁ f FRTES

cul Lur 8s. of T 3o AtapE RN RSN e %?J'Wound o

secrete | esBlimpUgiagh aReparite pithway mtsnegtﬂaud:lmf Br\mlbdlﬂemum

differentiated as assayed b OW tecq ues {‘?§§°?Bb&ﬁ£

fromwild-type aiﬁd"= action p S I n Vi Were

probed for ﬁﬁ&p{, ?.m Vactivakd T&%&&h&h&%ﬁ@ésﬁmofw ladlnild@%se
assenbly in asma cel as well as for c-nyc, which gcorres

down- regul aalm@tch'B:etllssamW } expression coRsuE! Wa AN watp theBal LT mature |

Tot al i.sol gt ed.us Tri.2al QEVBAHSE R d i '@e Ball7
manuf ture RI%’IB 11 %’é‘ﬁpé{%&%o*’%ess maturpgpphenotype t han gontrol B
cells, shomm@amﬁmmmmmmmmm@xpmwmm Iﬁéﬁ egqu,c

MRNA. Therefore, XBP-1 |RAG 2 -/ - spl A& their
nunbers of PEBﬂ% ﬁa’ﬁsyycﬁl‘?cF’BP%‘ﬂ?‘?’h‘ftggbg%H& eﬁﬁ%’hg@% expr eSSI odrllﬁl n
pl asma cel | geli finé Was BRI i FPMPMbdiin willP10% fétal calfisepuin, QuaMygletminesS®d in -
adul t tlssues and preévious work has shown that two of four Bl ai% cel |l

| i nes test edummmﬂlméoﬂmﬂgnemW% 190 plbeta-mp
rheumafé)l d %é&ﬁt} &L{»%s g%fnt i tﬂ%ﬁgh{pﬁn&h@&ﬂmmlw&gmddal to study )MP-1

expressi on na co terized by inflammatory cell infiltrates
and rheumatoi d factor production by plasm cell

hybri di zat | BXAMPIIE 3nas perfor M%ﬁ?@"&éﬂ@éﬂe@?’? °'b':i6‘t?éé’°f"re6m the 5'
and 3' untransl ated portions of the. cDNA), nmg @ be f.or XBP -1
showed strong hymmmmmoslenqémmeéeswu 3¢ Bwhile a

positions 226-884 was cloned into the vector pQR9, which encodes a histidine tag that is

fused in frame to the XBP-1 coding sequences upon introduction of the cDNA into the
20 vector. The His-tagged XBP-1 protein was expressed and used to lmmumze mice and

monoclonal antibodies were made from lymphocytes of the immunized mice by standard

techniques.
EXAMPLE 4: Characterization of the T Helper Cell
Phenotype of XBP-1 Deficient Mice
25 Cytokine production by T cells of XBP-1 -deficient/RAG-2-deficient chimesic mice

was studied to examine the effect of XBP-1 deficiency on T helper cell subsets. T cells
were isolated from XBP-1-deficient/RAG-2-deficient mice (XBP-rag) and from strain 129
wild type mice (129w+) as controls. The cells were cultured in vitro under conditions that
favored either Thi differentiation or Th2 differentiation, or that didn’t favor development
30 of either type of helper cell (unskewed conditions). To induce Thl differentiation, cells

were cultured with 5 ng/ml recombinant IL-12 and 10 pg/ml anti-IL-4 antibody. To induce
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sense probe showed no specific hybridization. Serial sections

hi stol ogically confirmed the 20 identification of the plasna cells. 2858 2004
exanpl e shows the high-level expression of XBP-1 in the plasm cell
infiltrate of an inflammatory di sease. ABP-1 drives B cell differentiation
The finding of very few plasma cells in XBP- | /RAG 2 -/- m cpchosmi/ise’s
apparently WO N laerm' nal centers |ocates the primary site of XBP- |
action to the interval between 25 full B cell activation and term nal

Al et A B g

treatment The,BCLI | g S tﬁioﬂf dpfodaetdn uT therfollo ¢ldnes
Cul ture @Fﬁ?%%%ﬁgp&%hg&%}%gto he supplied protg.?(‘)gl(ijn

expressi on ¢Qiid difffent Gliopulatiogs WiFnéasared by EXdSAT ILdy IBN vl 1dbtand ILarp)
was transfecCted into this cell line 30 to uegﬁ{ its albilaist‘%‘héh% f.f he
stage of di 16 Baegraphs illustrating.the results Bom fxe ditier éﬁ?%’tw i R BRI 275
ItF in a Big .ect A .. BuRVE ressing
XBP- 64 ' 2 g@g)’ WW‘%%@%@%&W%%@% th(emgP vect or
al one showed si gMhe@fsuityadinstatithataor the Th2type cywkines exangpedi(ILA kel Thndd

t he enmergence of Syndecan-| paositive _cells, interestingly. .an.i I cal
effect has andd&h-6uckeslisifom the XBhd eﬁm%fifﬁ&g ?ﬂ%‘gﬁ%&"{'@?%n fact or
Blinp-1 intq - A6 werdiedl QhsketVed ooriditicrisqskeB cel | s
frogpnormal %@%&ﬁ%ﬁﬁs %&gghtimm&r buie fuder 4

- sources 5 showed no diffe(rﬁ?rlﬁe in.Bligp-1
MRNA | evel s.Figitres 2f45and §psbltmas atdeRb vin sonteasinl sells Bop¥BE-lsfengient mi rate

pathway in its, regul gtjon of B.cell, diff t ' eRedf
overexpresséﬁ“ﬂeﬁglbe-? ‘@Pf?fj'{?ﬁﬁté"e %ﬁ%@#@%ﬂ‘*%‘??ﬂt Eat&glrcg%% mmat ur e
or not full ygg%ﬁ{dqﬁ?ts%dpi iBluiehs Vi Rif.QE welles anderesaditionsthatfBvored Thlicell
cause apoptosis of "B cells, an _()1I\/P-1 expr_lﬁ;si%.cg@?tr t_was tr.angf&get ed
into the Bal development(sed Kigmrech midgle galumns)g The defect in rfeﬁjﬁ‘b“‘ﬁ{&?“%‘fi'é?’ d
with Blinp-i dermngt bibrddife BAckitdring {heer &l @hdér'canditiond favdringof

I ncreasi ng a?‘?gg?][sgc tg?(%ﬁ?qég’g%?essi on ‘const r%ct Transfection of, Bal |g07
was by el ect Thpesibddvelopment(8aFigaes 2/4,iSrand Spralwmes anight) Jius dataindicpes that 1 1 7

cell line was gr 0. RPM nedi.u Lt h 9 ; ; n that can

a1 ut anilie, " 5Bk PERABRST enrFR i i ead i d 6 i o ki produltin ha

mer capt oet bag@bverédiné By txbgiousTaame thay skew Taell éwlowmt\almthﬂﬁﬂmunt s
of )MP-1 were added. EXAMPLE 3: Preparation of Anti-XBP-1 Monocl onal

Anti bodi es To prepare nonocl onal antibodi es against XBP-1, the XBP-1 cDNA

encodi ng EQUIVALENTS
" Those skilled in the art will recognize, or be able to ascertain using no more than
20 routine experimentation, many equivalents to the specific embodiments of the invention
described herein  Such equivalents are intended to be encompassed by the following

claims.
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positions 226-884 was cloned into the vector pQR9 , which encodes a
histidine tag that is fused in frame to the XBP-1 codi ng sequences uﬁgg

i ntroduction of the cDNA into the 20 vector. The Hi s-tagged XBP-1 pr £, 2004
was expressed and used to i muni ze m ce and nonocl onal anti bodi es were nade
from |l ynphocytes of the i munized mce by standard techni ques. EXAMPLE 4:
Characterization of the T Hel per Cell Phenotype of XBP-1 Deficient Mce 25
Cyt oki ne production by T cells of XBP-I-deficient/RAG 2-deficient chinmeric
mce was studied to exam ne the effect of XBP-1 deficiency on T hel per
cell subsets. T cells were isolated from)M -1-deficientJR AG 2-defi cient
mce (XBP-rag) and fromstrain 129 wld type mce (129w+) as controls. The
cells were cultured in vitro under conditions that favored either Thl
differentiation or Th2 differentiation, or that didn't favor devel opnent
30 of either type of helper cell unskewed conditions). To induce Tbl
differentiation, cells were cultured with 5 ng/m reconbinant IL-12 and
10 pg/ M Weatleim:1 L-4 anti body. To induce 65 2 8 SEP 2004 WO 01/49717

PCT/ USOQ 35674 Th2 differentiation, cells were cultured with 10 ng/m
reconbi nant ILA, 10 g/m anti- IFN-7 antibody and 10 pg/mm anti-IL-12

anti body. Producti WM j Lfferent cell

popul ati ons vvg's negg[l??éel(oj& yd%%pé%’!%ﬁguﬂ%ﬁ%sﬂu%a%mf%%S and IL- 6. Bar
gr aphs i |gremthonTicelfsubbet actibity) compfisiogn t wo di fferent sets of aninmals are

shown in Figure 5 2 (LL-4),. Eiqure 3 (LEN-vy) .. .Fi 4 (1L-10), Figure 5
(I'L-5) and Fi @ re é’rcivllchl-l%‘%".m$ OrcemRpION %ﬂﬂ?ggﬁéﬁtm Mt or the Th2 type
cyt oki nes exarp)ned cbtékting ke ifllicatds cOmpasitibn tith@hch merfitsdr bfa firaxiyof he
XBP-1-deficient mce displayed a defect in the ability to produce these
cyt oki neSEShAYRPAUAES; cel | s were cul tured under unskewed conditions (see
Figures 2, 4, an : hUAD : s from

cp &l ch@ctmgﬁa ﬁbr&rk of ﬁ&%mg«%ﬁd??%t%lrﬁrghd ot-'rmféﬁels{

XBP-1-deficient mce st retal hed the Ity uce the Thl type
cyt oki ne th&Emodulates the activiityiof ¥BRridwoteinnaridewed conditions (see Figure 3,

colums at leff), as well as er..condi tigns. fhat favored Thl cell

devel opnent (<Re F%&ﬁﬁ?‘é‘"@?%ﬁeﬁnﬁgﬁﬂ’smyaoéﬁ@ﬁﬁw h2 cyt oki ne
product i oo of TRel] BBt Actilftl b-therdby ideriy 4 & an@marrﬁ&imtéame@udcsdéri ng the T
cells un%? condi tions favoring 'thZIgi?I}I c%@el opnent (see Figures 2, 4, 5
and 6, caremther Bcell subpatyetivithi s data i ndi cates that 15 | ack of the XBP- |
transcription factor leads to a defect in Th2 cytokine production that can

be overcone by exogenous factors that skew T cell devel opnent al ong the Th2
pat hway.

2. The method of claim 1, wherein the indicator composition is a cell that

expresses XBP-1 protein.

3. The method of claim 2, wherein the cell has been engineered to
express the XBP-1 protein by introducing into the cell an expression vector encoding
the XBP-1 protein.

4, The method of claim 1, wherein the indicator composition is a cell free

composition.

5. The method of claim 1, wherein the indicator composition is a cell that
expresses an XBP-1 protein and a target molecule, and the ability of the test
compound to modulate the interaction of the XBP-1 protein with a target molecule is
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EQUI VALENTS Those skilled in the art will recognize, or be able to
ascertain using no nore than 20 routine experinentation, many equiva 8§ER 2004
to the specific enbodiments of the invention described herein. Such

equi valents are intended to be enconpassed by the following clains. 66 12
8SEP2004 W claim 1. A nethod of identifying a conpound that nodul ates
hepatocyte growh or T cell subset activity, conprising a) providing an

i ndi cat or conposition conprising XBP-1 protein; b) contacting the indicator
conposition with each nmenber of a library of test conmpounds; c) selecting
from t he MMPEAy of test conpounds a compound of interest that nodul ates
the activity of XBP-1 protein; and d) determning the effect of the
conpound of interest on hepatocyte growh or T cell subset activity to

t hereby identiéfy aThonmth@ofddnatl Witk the éslicaepaimpoyitien cogipevash or T cel |

subset act|4 v cé th d of claim.1, \/\%ﬁgﬁ the ndi cat or
conposi t i4ARGILE lal“i IndieAPRCE SOMpKise’ gn -teqrqfemgn ¥he nethod of claim
2, wher eindridochBles J}@ﬁegﬁﬁ@xglpq[;}&@ﬁed to express the XBP-1 protein by
|ntrodUC| ng into the cell an expression vector encoding the XBP-1 protein.

4. The nmethod of claim1l, wherein the indicator conposition is a cell free

conposi tion. 5, Th gg%&g&lg(ﬁﬂ@lggm msx{ﬁeﬁgﬁda{b{wpm &mscaat or conposition is

a cell that expresseés an el n an {01 el e, and the
ability qéoohibﬁaﬁt@ﬁiﬁressbﬂﬁp@bﬁbdcddﬁgmmm protdhgmndﬁmﬁwnq:msmg t he XBP-1
protein with a target nol gcul IS 67 28? 4 nmonitored., 6., The nethod of
claim1, Fsl e IVie fREualony “E%Wf’? ﬁﬁ:PP%ge“eaﬂ’dlsﬂdl cator cell,
wher ei n thenddidinp@de@r cel |l conprises an XBP-1 protein and a reporter gene
responsive to the XBP-1 protein.

a) contacting the indicator cell with a test compound;

b) determining the level of expression of the reporter gene in the
indicator cell in the presence of the test compound; and

c) comparing the level of expression of the reporter gene in the indicator
cell in the presence of the test compound with the level of expression of the reporter
gene in the indicator cell in the absence of the test compound to thereby select a

compound of interest that modulates the activity of XBP-1 protein.

8. A method of identifying a compound that modulates hepatocyte
growth or T cell subset activity comprising:

a) contacting hepatocytes or B cells or T cells deficient in XBP-1 with a
test compound; and

b) determining the effect of the test compound on the growth of the
hepatocytes or Th2 cytokine production by the T cells, the test compound being identified as
a modulator of hepatocyte growth or T cell subset activity based on the ability of the test
compound to modulate the growth of the hepatocytes or differentiation of the B cells or Th2
cytokine production by the T cells deficient in XBP-1.
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7. The nethod of claim6, wherein said indicator cell contains: a

reconbi nant expression vector encoding the XBP-1 protein; and a vectdr SEP 2004
conprising an XBP-1l-responsive regulatory elenment operatively |inked a
reporter gene; and said nethod conprises: a) contacting the indicator cell
with a test conpound; b) determning the | evel of expression of the

reporter gene in the indicator cell in the presence of the test conpound;
and c) conparing the | evel of expression of the reporter gene in the
indicator cell in the presence of the test conpound with the |evel of

expressi on of % he dhpmethed of Jaimes, whereindhg Gells deficispt inBP-] aredm@ absence of

t he test : ‘5}?1&55 j est that nodul ates
the acti vnﬁﬁyﬂ@?}pgggal&e@% ellrlll.ﬁﬁ . e?%lfsﬁ:ggl?o |d@h#‘?§/€|§¢1g a conpound t hat’
nodul at esoppail by piminispringihe test compoahd toghdorsathuamn XBP-1/ddfwigpt | si ng: a)
contacting. hepatocytes or B cells or T cells deficient in XBP- | with a

t est corrp"’g ; and b) determning the effect of the test conpound on the
grow h of the hepatocytes or Th2 cytokine production by the T cells, the
test conpound being identified as a nodul ator of hepatocyte growh or T
cel | subset adfivi tlhe mathed obglaimh Wherein;thg nagrhumaa XBPst deficisibound to nodul at e
the grow,f. ofisbhguhepatocytes or differentiation of the B cells or Th2

cyt oki ne production by the T cells deficient in XBP-1. 68 28 SEP2004 9. The
met hod of claim8, wherein the cells deficient in XBP -1 are in a

non- human XBP-1 defi cient ,api.mal, and the cells. are cted with the test
conmpound by aolii ni ﬁ’%ﬂ df’ﬂ‘aa‘F'e%?"hﬁrS%@iﬁ‘?ﬁs'fktsﬁcleﬁtemﬁ@ﬁ'ﬁﬁ'ﬁan XBP- 1
def i ci entjsolA&H A6t a ndillhumldnEXBRY Hefkicht akingl, 8 & ErgbfaridiRe M8~ human XBP -1

deficient aninmal is a nouse. 11. The nethod of claim8, wherein the cells
def i ci entard gpniagipd with the test easnpouadiby eubiiting thetesteempeundppithithelef i ci ent ani nal

or enbry . cells are contacted with the test conpound by
cul turi ngsoil%%rcgggs?e@%ﬁtp%lq% \i/avl th the isolated cells deficient in XBP-1.

12. The nmethod of claim8, wherein the conpound stimulates hepatocyte
growth or Th2 lgy ' Olﬁ"hg ren r08 ((j)*J tﬁgi;noé:' wherein the compound stimulates hepatocyte

growth or Th2 cytokine production.

13. A method for modulating growth of hepatocytes or T cell subset activity,
comprising contacting hepatocytes or T cells with a modulator of XBP-1 activity such that
growth of the hepatocytes or Th2 cytokine production by the T cells is modulated.

14, The method of claim 13, wherein the modulator inhibits XBP-1

activity.

15. The method of claim 14, wherein the modulator is an antisense

oligonucleotide.

16. The method of claim 14, wherein the modulator is an intracellular
antibody.

17. The method of claim 13, wherein the modulator stimulates XBP-1

activity.
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13. A method for nodul ating growth of hepatocytes or T cell subset
activity, conprising contacting hepatocytes or T cells with a m)dulz'iﬁ %EP%U‘
XBP-1 activity such that growh of the hepatocytes or Th2 cytoki ne
production by the T cells is nodulated. 14. The nmethod of claim 13, wherein
the nodul ator inhibits XBP-1 activity. 15. The nmethod of claim 14, wherein
the nodul ator is an antisense oligonucleotide. 16. The nethod of claim 14,
wherein the nodulator is an intracellular antibody. 17. The net hod of
claim 13, wherein the nodul ator stinulates XBP-1 activity. 69 2 8 SEP 2004
18. The et hodsof Themethodof algimr1d; whereie thesendulatos is angxprRssionpr essi on  vect or
encodi ng ,XB wd]%(;cﬂ]aq met hod of claim 13, wherein the hepatocytes or T
cells are cont act t he nodul ator by culturing the hepatocytes or T
cells in vitro with the nodul ator. 20. The nethod of claim19, wherein the

hepat ocytes or T c nt te with a nodul afor, that stipulates
XBP-1 acti vi t)}gsucilﬂ'%?‘B B@;PFWS% cells amcen@cte ¥y et i on
by the T iahbduldst bscllidin ihealsf:w:ﬁbanmqmdmg admi ni stering

the hepatocytes or T ce Is to a subj ect after stinmulation in vitro. 70 2 8
SE P 2004 WO 01/49717 SEQUENCE LI STI NG <110> dinther, Laurie H Reinold,

oo e il R OB SRHR RRTRS  RURIARANE | 1 o

MODULAT! @hhddrladéiBthat stinAdakes\XBP- 1 adtBixy $vh4biith 0PHhe hephtbdptesdrdh2 cytbkifie 1
production by the T cells is stimulated, the method further comprising administering the
hepatocytes or T cells to a subject after stimulation in vitro.
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